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THE 


CONSTRUCTION 

AND 

PRINCIPAL  USES 

O  F 

Mathematical  Inftruments. 

Tranflated  from  the  French  of 

M.     BION, 

Chief  Inftrument-Maker  to  the  French  King. 

To  which  are  Added, 

The  ConfiruBion  and  Ufes  of  fuch  Instruments  as 
are  omitted  by  M.  B  ION;  particularly  of  thofe 
invented  or  improved  by  the  English. 

By  EDMUND    STONE. 


The  whole  Illuftrated  with  Twenty-fix  Folio  Copper-Plates,  containing 
the  Figures,  0V.  of  the  feveral  Instruments. 

Imitetur  igifur  Ars  Natura??/,  &  quod  ea  defidcrat  inve?iiat ;  quod  qflendit  fcquatur. 
Nihil  cnim  nut  Natura  cxtremum  itwenerit^  aut  cDo£lri7ia  primum :  fed  Rernm 
fPrincipia  ab  Ingenio  profeEla  [tint,  &  Exittts  ^Difciplina  comparantur. 

Cicer.  ad  Heren.  lib.  }. 


LONDON: 

Printed  by  HW.  for  John  S  e  n  e  x,  at  the  Globe,  over-againft 
St.  Vuriftaris  Church,  in  Fleet ftreet  j  and  William  Taylor,  at 
the  Ship  and  Black-Swan  in  Pater-nofter  Row, 

M.dcc.xxiil 


To  his  GRACE, 


J 


like  of  Argyll  and    Greenwich,  &c, 

Lord  Steward  of  his  Majefty's  Houfhold. 


My  Lord, 

SSS33SSSS)  H  E  Subject  of  the    following;  Treadle    feems 
'J8?jHB^*lii&    or  Importance  enough  to  claim  Your  Graces 

Patronage  ;  and  or  Uie  enough  to  deierve  it. 
It  made  its  firft  Appearance  under  that  of  his 
Highnefs  the  Duke  of  Orleans  :  and,  to  render 
its  fecond  equally  Magnificent,  craves  now 
to  be  introduced    under  that  of  Your    Grace. 


Indeed,  as  the  firft  Defign  of  its  appearing  in  Englifh  was  laid 
in  Your  Grace's  Family;  and  as  it  was  carried  on  and  finifhed 
in  the  fame,  it  feems  to  have  fome  Title  to  Your  Grace's  Coun- 
tenance :  It  naturally  feeks  Protection  where  it  found  its  Birth, 
and  lays  claim  to  the  Privileges  of  a  Native  of  your  Family,  as 
well  as  thole  of  a  Domeftick.  What  I  have  laid  of  my  Book, 
holds  almoft  equally  good  of  my  fell.  I  have  been,  the  great- 
eft  part  of  my  Life,  an  humble  Retainer  to  Your  Grace.  In 
Your  Family  it  was,  I  firft  caught  an  Affection  for  Mathema- 
ticks  ;  and  it  was  under  Your  Countenance,  that  I  took  occafion 
to  Cultivate  them.  Your  Grace  therefore  has  a  kind  of  Property 
in  all  I  do  of  this  kind,  and  it  would  be  an  Injuftice  to  lay  it 
at  any  other  Feet. 

ANOTHER  Perfon  wou'd  have  here  taken  Occafion  to  expa- 
tiate on  Your  Graces  Character :  Dedicators,  Your  Grace  very 
well  knows,  are  great  Dealers  in  that  Way;  and  look  on  it  as  one 
of  the  Privileges  of  their  Place ,  to  praife  their  Patrons  without 

Offence. 
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Offence.  Accordingly,  Your  Grace's  Lineage  wou'd  have  been 
traced  up  to  the  earned  Times,  and  the  Virtues  of  Your  Noble 
Anceftors  drawn  out  to  View.  Your  Grace's  perfonal  Merit,  ihi- 
ning  and  confpicuous  as  it  is,  wou'd  have  been  fct  off  in  its  [nil 
Light,  and  Your  Heroick  and  Virtuous  Atchievements  painted  in 
all  their  Colours.  Flanders,  Bavaria,  Spain,  and  Scotland,  wou'd 
have  been  call'd  in,  as  Witncffes  of  Your  C lory;  or  Your  Pru- 
dence, as  a  General;  and  Your  Bravery,  as  a  Soldier  :  Nor  wou'd 
Your  Integrity,  as  a  Minifter ;  Your  Magnificence,  as  a  Noble- 
man j  or  Your  Love  of  Liberty  and  Your  Country,  as  a  Patriot, 
have  been  omitted.  For  my  felf,  My  Lord,  'tis  mv  Bufinefs  ra- 
ther to  admire  than  applaud  You :  Panegyrick  is  a  tiling  out  of 
my  Province;  and  Your  Grace  wou'd  be  a  fufferer  by  the  beft 
Things  I  could  fay.  Were  I  allow'd  to  touch  on  any  Thing,  it 
fhou'd  be  Your  Private  rather  than  Your  Popular  Character,  rather 
as  you're  a  Gentleman,  than  as  a  General,  or  a  Hero.  If  You 
have  every  thing  Great  and  Heroick  in  the  latter ;  You  have  all 
that  is  Beautiful  and  Amiable  in  the  former.  To  enumerate 
every  thing  of  this  Kind  vifible  in  your  Grace,  wou'd  be  to  give 
a  detail  of  a  whole  Syftem  of  Virtues ;  and  to  draw  your  Picture 
at  full,  wou'd  be  little  lefs  than  to  collect  into  one  Piece  what  is 
Great  and  Good  in  a  thoufand  :  A  Work  fitter  for  a  Volume  than 
a  Dedication. 

M  Y  Zeal  for  Your  Grace  had  like  to  have  driven  me  beyond 
either  my  Duty  or  Defign.  It  was  my  Refolution  not  to  fay  any 
thing  that  might  look  like  Praife;  but  I  find  one  cannot  do 
common  Juftice  to  Your  Grace,'  without  running  into  the  Ap- 
pearance of  it.  I  am  fenfible  there  is  no  Topick  lefs  inoffenfive 
to  You,  than  that  of  Your  own  Merit  :  but  the  Misfortune  is> 
there's  none  fo  engaging  or  {o  copious.  'Tis  pity  You  fliould 
value  Praife  fo  little ;  when  You  deferve  it  to  much :  For  hence, 
a  Perfon,  who  wou'd  not  be  Ungrateful,  is  under  a  NecefTitv  of 
becoming  Troublefome.  I  have  reafon  to  fear  your  Grace's  Re- 
fentments,  for  having  faid  thus  much ;  and  yet  apprehend  thofe 
of  the  Publick  for  having  faid  no  more.  If  I  am  Delinquent  on 
either  Side,  your  Grace  will  do  me  the  Juftice,  to  believe  it  en- 
tirely owing  to  that  Excefs  of  Devotion  wherewith  I  am, 

My   Lor  d, 
Tour  Graces  moji  Humble, 

and  moft  Obedient  Servant^ 

Edmund  Stone 
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pATHEMATICKS  are  7icw  become  a  popular  Study^ 


and  7iiahe  a  part  of  the  Education  of  almofi  every 
Gentleman,  hideed-,  they  are  fo  ufeful,  fo  entertaining 
and  extenfivc  a  Branch  of  Knowledge,  that  °tis  no  won- 
der  theyfljA^d  gain  Ground ;  a7id  that  ancommo7i  Coim- 
te7tance  they  7iow  find.,  muji  be  eftcemed  as  a7i  hifiafice  of 
the  Felicity  of  the  Age,  a7td  the  Good  Sc7ife  of  the  Peo- 
ple. Mathc7iiaticks  have  wherewith  to  gratify  all 
Taftes,  and  to  employ  all  Tale77ts.  Here  the  great  eft 
Ge7iius  has  roo7ti  to  exert  his  tit  mod  Faculties,  and 
the  7nea7ieft  will  7iot  fail  to  fi7id  fomething  on  a  Level  with  his.  Their 
Theory,  affords  a  7ioble  Field  for  the  Speculative  part  of  Mankind  ', 
a7id,  their  Traffiice,  a7i  a7/tple  cProvi7ice  for  the  Men  of  Atlion  a7id  Bit- 
finefs. 

THE  Mafters  i7i  Mathe7iiaticks  have  7iot  been  wa7iti7ig  in  their  Re- 
fpetl:  to  the  reft  of  Ma7iki7id  :  They  have  fra7ikly  couwimiicated  their  K.7iow- 
ledge  to  the  World ;  and  have  publifloed  Threat ifes  071  every  Branch  of  their 
Art :  infomuch,  that  a  Ma7i  who  has  a  Difpo/ition  to  this  Study,  will  find 
hi77ifelf  abundantly  fupplied  with  Helps,  to  what  ^art  foever  he  applies 
himfelf.  There  fee7iis,  the7i,  but  little  wanting  to  Mathematicks,  confi- 
dered  as  a  Science  :  If  there  be  any  Defect,  "'tis  whe7i  confidered  as  ati  Art. 
I  mean,  Mathematicks  appears  more  acceffible,  as  well  as  more  cxte7ifive, 
on  the  Side  of  their  Theory  than  071  that  of  their  TraBice.  Not  that  the  latter 
has  bee7i  lefs  laboured  by  Authors  tha7i  the  for7ner,  but  becaufe  a  fufficient 
Regard  does  not  feem  to  have  been  had  to  the  Inftmments,  whereon  it 
wholly  depends. 

Mathematical  Instruments  are  the  Means  by  which  thofe  Sciences 
are  rendered  ufeful   in   the  Affairs  of   Life.     jBy  their  A$fta7ice  it  is, 

a  that 
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that  fubtile  and  abflratf  Speculation  is  reduced  into  Aff.  They  connect, 
as  it  were,  the  Theory  to  the  Practice,  and  turn  what  was  hare  Co?ite in- 
flation, to  the  mofi  fubfiantial  Ufes.  "The  Knowledge  of  thefe  is  the 
Knowledge  of  Praaical  Mathematich  ■  So  that  the  Descriptions  and  Ufes 
of  Mathematical  Inftruments,  make>  ferhaps,  one  of  the  moft  ferviccable 
'Branches  of  Learning  in  the  World.  Thepfay  then  to  render  the  Knowledge 
of  Mathematicks  general  and  diffufive,  is  by  making  that  of  Mathema<rLal 
Inftruments  fo :  With  a  View  'of  which  kind,  our  Author  feems  to  have 
engaged  in  the  following  Treat  i/e  ,  at  lc.afty  "'twas  from  a  View  of  this  ki?id, 
that  I  undertook  to  tranjlate  it. 

THE  Dcflgn  of  the  Work,  however  ufeful,  yet  fee  ins  to  be  New  among 
ns.  'Particular  Authors  have  indeed  touched  on  particular  Parts  :  One,  for 
fr/Jlance,  having  described  the  Globe  ;  another  the  Sector  ;  and  a  third  the  Qua- 
drant :  but  for  a  general  Com  fe,  or  Collection  of  Mathematical  inftruments,  / 
know  of  none  that  has  attempted  it.  rIis  true,  in  Harris'j  Lexicon,  we 
have  the  Names  of  moft  of  them ;  and  in  Moxon'j-  Dictionary  the  Figures 
of  many :  But  the  Accounts  given  of  them  in  both  are  fo  fiort,  lame  and 
deficient,  that  there's  but  little  to  be  learned  from  either  of  them* 

I  chofe  M.  B  i  o  n'j  Book  for  the  Ground-Work  of  mine,  as  judging  it 
better  to  make  ufe  of  a  good  fafe  Model  provided  to  my  Hands,  than  run 
the  Rifque  of  proceeding  upon  my  own  Bottom-  'The  French  Infrriuucnts  de- 
fer i  bed  by  him,  are,  in  the  main,  the  fame  with  thofe  ufed  among  us.  Such 
Englifh  lajiriimcnts  as  he  has  omitted-,  I  have  been  careful  to  fupply  :  And 
throughout,  have  taken  the  Liberty  not  only  to  make  up  his  'Deficiencies,  but 
amc7id  his  Errors.  ■• 

THOSE  who  defire  a?i  Inventory  of  the  Work,  have  it  as  follows  : 

IT  is  divided  into  Eight  Books ,  and  each  of  thefe  fubdivided  into 
Chapters.  To  the  whole  are  prefixed  Preliminary  Definitions  necejjfdrj 
for  the  Undcrftanding  of  what  follows. 

I N  the  Fir  ft  Book  are  laid  down  the  Onftrutlion  and  Principal  Ufes  of 
the  moft  fimple  a?id  commo7i  Inftruments,  as  CompafTes,  Rulei,  Drawing- 
Pen,  Porte-Craion,  Square,  Protractor.  And  to  thefe  I  have  added  five  other 
Articles,  of  the  Carpenter'j-  Joint  Rule,  the  Fmr-foot  Gauging-Rod,  Everard'i- 
Sliding-Rule,  CoggefhalPj  Sljding-RuiL,  the  Plotting-Scale,  an  Improv'd 
Protractor,  the  Plain-Scale,  a?id  Gunter'j  Scale. 

THE  Second  Book  contains  the  Cojiftruclion  and  Principal  Ufes  of  the 
French  Sector,  {or  Compafs.  of  Proportion)  thofe  of  various  Gauging-'Rods. 
To  this  'Book  I  have  added  the  ConftruBion  and  pri7icipal  Ufes  of  the 
Engliih  Sector. 

THE  SubjcZi  of  the  Third  Book  is  very  much  divcrfified.  Under  this  are 
found  the  Conftrutfio?i  and  Ufes  of 'fever  a  I  curious  and  diverting  as  well  as  ufeful 
Inftruments',  partiadarly  Compafles  of  various  kinds,  Parallel-Rules,  the  Pa- 
rallelogram or  Pentagraph,  (jc.  Under  this  Head  arc  alfo  laid  down  fcvcral 
Things  not  eafily  to  be  met  with  elfewhere  :  As,  the  Maimer  of  ~ar7ui?i<r 
Load-ftones,  the  Compofition  of  divers  Microfcopes,  with  fevcral  other  cu- 
rious^ Amufcmc7its.  To  the  jirft  Chapter  of  this  Book  I  have  added  the 
DefcriPtio7is  a7idUfes  of  the  Tur7i-up  Compafles  and  Proportional  CompafTes 
with  the  Sector-  Lines  upon.  themy  as  alfo  the  Manner  of  projecfi7ig  them. 

IN  the  Fourth  Book  you  have  the  Co7iftruflion  atidUfes  of  the.  Pri7icipal 
Inftru77ie7its  ufed  in  taki7ig  Plots,  7ncafuri7ig  or  layi7ig  out  Lands,  taking 
Heights,  T>ifta7ices,  acccjfible  or  inacccjjible\  Staffs,  for  in/tance,  Fathoms 
[or  Toifes]  Chains,   Survey ing-Cr-offes,  Recipient-Angles,   Theodolites,  Sei,  L- 

circles, 
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circles,  the  Compafs,  with  their  JJfes  in  Fortification.  To  this  "Book  I  have 
added  three  Articles  of  the  Englifh  Theodolite,  Plain-Table,  Circumferentor, 
and  Surveying- Wheel.  What  I  have  there  added  of  the  JJfes  of  thofc  In- 
ftruments, th<?  butjloort,  yet  I  flatter  my  felf  will  be  found  more  friftrutylkt 
than  much  larger  Accounts  of  them  i?i  the  common  "books  of  Surveying. 

THE  Fifth  "Book  contains  the  ConjiruUioh  of  fever  al  different  kinds  of 
Water-Levels ;  with  the  Manner  of  rectifying  and  uftng  them,for  the  Conveyance 
of  Water  from  o?ie  Tlace  to  another.  In  this  "Book  are  alfo  found  the  Con- 
ftrutlion  andUfes  of  Inftruments  for  Gunnery  :  And  to  thefe  I  have  added 
the  Conftruflion  and  Ufe  of  the  Englifh  Callipers. 

IN  the  Sixth  Book  are  contained  the  Conftrttfiion  and  JJfes  of  Aftrono- 
mical Inftruments-,  as  the  Aftronomical  Quadrant,  and  Micrometer,  with  an 
Inftrument  of  Mr.  de  la  Hire\r  for  fhewing  the  Eclipfes  of  the  Sun  and  Moon, 
aiid  Mr.  HuyghensV  Second  Pendulum-Clock  for  Aftronomical  Obfcrvations. 
In  this  is  alfo  JJjewn  the  Manner  of  making  Celeftial  Observations  accord* 
ing  to  Mr.  de  la  Hire  and  Caflini.  To  this  Book  I  have  added  four  Chap- 
ters, containing  the  Defcription  and  general  JJfes  of  the  Globes,  with  the 
manner  of  makiJig  them :  The  Defcription  and  JJfes  of  the  Ptolemaick  and 
a  Copernican  Sphere,  ^Orrery,  a?id  a  Micrometer,  better  than  that  descri- 
bed by  the  Author,  and  of  GunterV  Quadrant. 

THE  Seventh  Book  contdins  the  Con[lruc~lion  and  JJfes  of  the  Sea-  Com- 
pafs, the  Azimuth-Compafs,  Sea-Quadrant,  Fore-Staff,  and  other  Inftruments 
for  taking  Altitudes  at  Sea ;  as  likewife  the  Conftrutlion  and  JJfes  of  the 
Sinical  Quadrant,  and  MercatorV  Charts. 

IN  the  Eighth  Book  arc  found  the  Cc-7iftruc~lions  and  JJfes  of  allki?ids  ~ 
of  Sun-Dials,  whether  fixed  or  portable ;  with  the  Inftruments  ufed  in  draw- 
ing them;  as  alfo  a  Moon-Dial,  Nofturnal,  rjC.  To  this  is  fubjoined  a 
fljort  Defcription  of  the  principal  Tools  ufed  in  making  Mathematical  In- 
ftruments :  Andy  laftly,  I  have  added,  by  way  of  Appendix,  the  Conftrutlion 
of  the  great  Eclipfe  of  the  Sun,  that  will  happen  May  the  nth,  1724.  bv 
the  Se6tov.  '  **'  J 
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PAge  4.  againft  Fig.  53.  fhouldhave  been  inferted  this,  viz,  an  OBahedron  Is  contained  under  e'tglt  equal  and 
'ijul'ateral  Triangles.  Page  8.  J.  30.  for  help  of  "Divijiotf,  r.  help  of  Addition.  The  Way  laid  down  in  P.  10. 
for  examining  the  Method  of  infcribing  a  regular  Polygon,  not  being  our  Author's,  but  mine,  fhculd  have 
been  printed  in  Itslck.  P.  15.  1.  34.  for  Converts,  r.  Converfe.  P.  60.  for  Setter, r.  Septier.  P.  150.  I.60.  for 
TaJe,  r.  Bourd.     P.  207.  1.  43.  for  Cro/s  Latitudes,  r.  increasing  Latitudes. 
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'Definitions  necejfary  for  Underftanding  this  Treatife. 

Plate  i, 
POINT  is  that  which  hath  no  Parts,  and  confequently  is  indivifible.  pjg.  x . 

A  Line   is   Length  without  Breadth,  whofe  Original  is  from  a  Fig.  2. 

Point. 

There  are  three  kinds  of  Lines ;  viz..  Right  Lines,  Curve  Lines, 

and  Mix'd  Lines. 

A  Right  Line  is  the  fhorteft  of  all  thcfe  that  can  be  drawn  from  Fi<*.2. 

one  Point  to  another. 

A  Curve  Line  is  that  which  doth  not  go  directly  from  one  of  its  Fig.  3. 

Extremes  to  the  other,  but  winds  about. 

A  Mix'd  Line  is  that  which  hath  one  Part  ftrait,  and  the  other  Fig.  4. 

crooked. 

Lines  compared,  as  to  their  Pofitions  or  Situations,  are  either  parallel,  perpendicular,  or 

oblique. 

Parallel  Lines  are  fuch  that  always  keep  the  fame  Diftance  to  each  other,  and  which,  if  Fig.  5- 

both  ways  infinitely  produced,  will  never  meet,  whether  they  be  Right  Lines,  or  Curves. 

Perpendicular  Lines  are  thofe  that  meeting,  incline  no  more  to  one  fide  than  to  the  other ;  Fig.  <J. 

and  theretore  they  make  two  equal  Angles,  which  confequently  will  be  Right  Angles. 

Oblique  Lines  are  thofe,  which  meeting  one  another,  form  oblique  and  unequal  Angles,  Fig-  7. 

that  is,  acute  and  obtufe  Angles. 

Moreover,  Lines  have  other  Denominations  ;  which  are  as  follow  : 

An  upright,  plumb,  or  vertical  Line,  is  that  which,  if  produced,  would  pafs  thro5  the  Fig»  & 

Center  of  the  Earth,  as  the  String  of  a  fufpended   Plummet. 

A  horizontal  Line,  or  Line  of  apparent  Level,  is  a  right  Line  that  touches  the  Surface  of  pier.  9, 

the  Earth  in  one  Point,  or  which  is  parallel  to  a  Tangent  in  that  Point. 

A  Line  of  true  Level  is  that,  whofe  Points  are  all  equally  diftant  from  the  Center  of  the 

Earth,  as  the  Circumference  of  the  fame. 

A  finite  Line  is  that  whofe  Length  is  determined- 

B  There 
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Fig. 

to 

Fig.  9. 

Fig. 

9- 

Fig. 

1 1 

Fig. 

II. 

There  are  alfo  occult  Lines,  drawn  with  the  Points  of  Compares,  or  more  properly  with 
a  Pencil,  becaufe  then  they  may  be  eafier  rubb'd  out :  Thefe  Lines  mull  not  be  feen  when 
the  Work  is  iimfh'd,  unlefs  they  are  left  to  fhow  how  the  Operation  is  performed  ;  and 
then  they  are  dotted,  which  is  done  with  a  Dotting- Wheel. 

The  Lines  that  mufl  remain,  and  which  are  call  d  apparent  Lines,  are  drawn  with  Ink, 
put  into  a  drawing  Pen,  as  plain  and  fmall  as  poffible,  by  means  of  the  Screw  belonging 
to  it. 

A  Tangent  is  a  Line  touching  a  Figure,  and  not  cutting  of  it ;  as  the  Line  AB. 
A  Subtenfe,  or  chord  Line,  is  that  which  joins  the  Extremes  of  an  Arc  ;  as  the  Line  CD. 
An  Arc  is  a  Part  of  a  Circumference  ;  as  the  Arc  DFE. 

The  different  kinds  of  Curve  Lines  are  infinite  ;  but  the  fimpleft,  moil  regular,  and  eafieft 
to  draw,  is  a  Circle. 

A  circular  Line,  or  the  Circumference  of  a  Circle,  is  a  Curve  ;  all  the  Parts  of  which  are 
equally  diftant  from  one  Point  in  the  middle  of  it,  which  is  call'd  the  Center  of  the  Circle. 

Right  Lines,  drawn  from  the  Center  of  a  Circle  to  the  Circumference,  are  call'd  Radii, 
or  Semidiameters  ;  as  NO. 

Thofe  Chords  that  pafs  thro'  the  Center  of  a  Circle,  are  call'd  Diameters ;  as  MP. 
'  The  Circumierence  of  every  Circle  is  fuppofed  to  be  divided  into  360  equal  Parts,  call'd 
Degrees. 

The  Number  360  was  chofen  by  Geometricians  for  the  Divifion  of  a  Circle,  becaufe  it 
may  be  more  exactly  fubdivided  into  many  equal  Parts,  without  any  Remainder,  than  any 
Other*  :  as  for  example ;  half  of  360  is  180,  y  is  120,  ■{-  is  90,  7  is  72,  ^  is  do,  and  fo  of  other 
of  its  aliquot  Parts. 

Every  Degree  is  divided  into  60  equal  Parts,  call'd  Minutes,  every  Minute  into  60  Se- 
conds, and  every  Second  into  60  Thirds,  &c.  which  are  thus  diflinguifh'd  40**  3^40^57/// 
fignify  forty  Degrees,  thirty  five  Minutes,  forty  nine  Seconds,  and  fifty  feven  Thirds.  The 
aforefaid  Divifion  ferves  for  meafuring  of  Angles ;  but  the  Sub-Divifions  into  Seconds  and 
Thirds  are  not  ufed,  unlefs  in  great  Circumferences. 

The  Opening  of  two  different  Lines  cutting  one  another,  or  meeting  in   the  fame  Point, 
is  call'd  an  Angle. 
Fig.  iz.  When  two  Lines  cut,  or  meet  each  other  in  one  Point  on  a  Plan,  the  Angle  they  make 

with  each' other,  is  call'd  a  plane  Angle. 

When  the  Lines  that  make  a  plain  Angle,  are  flrait  Lines,  the  Angle  is  call'd  a  Rr  ht- 
lined  Angle. 
Fig.  15.  If  the  two  Lines  forming  an  Angle,  are  Curves,  the  Angle  is  call'd  a  Curve-lir.ed  Anple. 

Fig.14.  If  one  of  the  Linesis  a  Curve,  and  the  other  a  flrait  Line,  the  Angle  is  call'uaMix'd- 

lined  Angle. 

The  two  Lines  that  make  an  Angle,  are  call'd  its  Sides;  the  Point  wherein  they  cut  or 
meet  each  other,  being  the  Vertex. 

When  an  Angle  is  expreffed  by  three  Letters,  that  in  the  middle  reprefents  the  Angle,  and 
the  other  two  the  Sides. 

In  producing  or  leflening  the  Sides  of  an  Angle,  the  Quantity  of  the  faid  Angle  is  not  at 
all  altered  thereby ;  for  the  Magnitude  of  an  Angle  is  not  meafured  by  the  Magnitude  of  its 
Sides. 

The  Meafure  of  a  Right-lined  Angle  is  the  Portion  of  a  Circle  comprehended  between 
its  Sides,  whofe  Vertex  is  the  Center  of  the  Circle  :  It  matters  not  how  big  the  Radius  of 
Fig.  15.         the  Circle  be;  becaufe   whether  the  circular  Arcs,  comprehended  between  the  Sides  AB, 
A  C,  of  the  Angle  be  bigger  or  leffer,  they  flill  have  the  fame  Number  of  Degrees. 

If,  for  example,  the  Arc  of  a  fmall  Circle  be  60  Degrees,  which  is  the  fixth  part  of  the 
whole  Circumference,  the  Arc  of  a  greater  Circle  will  likewife  be  60  Degrees,  or  the  fixth 
part  of  the  Circumference  of  the  greater  Circle,  and  the  Angle  BAC  will  be  60  Degrees. 
Every  Angle  is  either  a  right,  acute,  or  obtufe  Angle. 
Fig.  16.  The  Meafure  of  a  right  Angle  is  an  Arc  of  90  Degrees,  which  is  £  of  the  Circumference 

of  a  Circle. 
Fig-  lv  An  acute  Angle  is  leffer  than  oo  Degrees. 

Fig.  18.  An  obtufe  Angle  is  more  than  00  Degrees. 

There  can  be  no  Angle  of  180  Degrees,  which  is  the  Semi-Circumference  of  a  Circle; 
for  two  right  Lines  fo  pofited,  cannot  cut,  but  will  meet  each  other  dire&ly,  and  confe- 
quently  will  make  but  one  right  Line,  which  will  be  the  Diameter  of  a  Circle. 
Fig.  15.  The  Sine  of  an  Angle  or  Arc,  is  half  the  Chord  of  double  the  fame  Arc  :  as  for  example, 

to  have  the  Sine  of  the  Angle  DAE,  or  of  the  Arc  DE  (which  is  the  Meafure  of  it)  by 
doubling  the  Arc  ED,  you  will  have  the  Arc  EDF,  whofe  Chord  is  EF,  whereof  EH,  its 
half,  is  the  right  Sine  of  the  Angle  DAE:  the  Line  DG  is  theTangent  of  the  fame  Angle, 
and  the  Line  AG  is  its  Secant. 

Two  Arcs  together  making  a  whole  Circle,  have  the  fame  Chord  ;  for  it  is  manifefl 
that   the  Line  EF  is  as   well  the  Chord   of  the  greater  Arc  EBCF,  as  of  the  leffer 
one  EDF. 


*  Our  Author  JIjohIH  have  fa'td,  Lcflcr  Number. 
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For  the  fame  reafon  two  Arcs,  which   together   make  a  Semicircle,  have   but  one  right 
Sine  ;  as  the  Line  E  H  is  as  well  the  Sine  of  the  obtufe  Angle  E  A  I,  or  of  the  Arc  E  B  I, 
which  is  its  Meafure,  as  of  the  acute  Angle  E  A  D,  or  of  the  Arc  ED.,,' 
The  fame  may  be  faid  of  Tangents  and  Secants. 

The  Sine  or  90  Degrees,  which  is  the  Radius  or  Semidiameter,  as  D  A,  is  called  the 
Sinus  Totus. 

A  Surface,  or  Superficies,  is  that  which  hath  only  Length  and  Breadth. 
There  are  two  kinds  of  Surfaces,  viz,.  Plane  and  Curve. 

A  Plane  Surface  is  that  to  which  a  right  Line  may  be  apply'd  all  manner  of  ways  ;  as  the  Fig.  19, 
Top  of  a  very  fmooth  Table. 

A  Curve  Surface  is  that  to  which  a  right  Line  cannot  be  apply'd  all   manner  of  ways  ;  Fig.  20, 
they  are  either  Convex,  or  Concave  ;  as  the   Outfide  of  a  Shell   is  Convex,  and  the  Infide 
Concave. 

Term,  or  Bound,  is  that  which  limits  any  thing  ;  as  Points  are  the  Bounds  of  Lines,  Lines 
the  Bounds  6f  Surfaces,  and  Surfaces  the  Bounds  of  Solids,  j 
A  Figure  is  that  which  is  bounded  every  way.  '% 

Figures  that  be  terminated  under  only  one  Bound,  are  Circles,  and  Ellipfes,  or  Ovals, 
which  are  bounded  by  only  one  Curve  Line. 

Figures  terminated  by  feveral  Bounds,  or  Lines,  are  the  Triangle  or  Trig^on,  which  hath  Fig.  2.1. 
three  Sides,  and  three  Angles. 

The  Square,  or  Tetragon,  which  hath  four.  Fig-  "• 

The  Pentagon,  five.  Fig-  *5- 

The  Hexagon,  fix.  Fig.  24. 

The  Heptagon,  feven. 
The  O&agon,  eight. 
The  Nonagon,  nine. 
The  Decagon,  ten. 
The  Undeeagon,  eleven. 
And  the  Dodecagon,  twelve. 

All  the  aforefaid  Figures,  and  thofe  having  a  greater  Number  of  Sides,  are  called  by  the 
general  Name  of  Polygon,  which  fignifies  Figures  having  many  Angles;  and  for  diftinguifh- 
ing  them,  there  is  added  the  Number  of  Sides  :  as  a  Decagon  may  be  called  a  Polygon  of  ten 
Sides  ;  likewife  a  Dodecagon  is  called  a  Polygon  of  twelve  Sides,  and  fo  of  others. 

Figures,  whofe  Sides  and  Angles  are  equal  (as  thofe  before-named)  are  called  regular 
Polygons. 

Thofe  Figures,  whofe  Sides  and  Angles  are  unequal,  are  called  Irregular  Polygons. 
Triangles  are  diftinguifhed  by  their  Sides  or  their  Angles. 

As  to  their  Sides  ;  that  Triangle  which  hath  its  three  Sides  equal,  is  called  an  Equilateral  Fig-  25. 
Triangle,  and  is  alfo  equiangular. 

That  Triangle  which  hath  only  two  equal  Sides,  is  called  an  Ifofceles  Triangle.  Fig.  26. 

And  that  which  hath  three  unequal  Sides,is  called  a  Scalenous  Triangle.  As  to  their  An-  2S'  27* 
gles  ;  a  Triangle,  which  hath  one  right  Angle,  is  called  right-angled  ;  and  the  Side  op-  Fig.  28. 
pofite  to  the  right  Angle,  is  called  the  Hypothenufe. 

That  which  hath  one  Angle  obtufe,  is  called  an  obtufe  angled  Triangle.  Fig,  29. 

That  which  hath  all  the  Angles  acute,  is  called  an  acute  angled  Triangle. 

Quadrilateral  Figures,  or  Figures  having  four  Sides,  have  different  Appellations.  Fig.  j0, 

If  the  oppofite  Sides  are  parallel,  the  quadrilateral  Figure  is  called  by  the  general  name 
of  Parallelogram. 

If  a  Parallelogram  hath  four  equal  Sides,  and  the  four  Angles  right  ones,  it  is  called  a  Fig.  31. 
Square. 

If  all  the  Sides  are  not  equal,  but  the  four  Angles  right  ones,  it  is  called  an  oblong,  right  Fig-32' 
angled  Parallelogram,  or  fimply  a  Rectangle. 

A  right  Line  drawn  in  a  Parallelogram,  from  one  of  the  Angles  to  the  oppofite  one,  is 
called  a  Diagonal  ;  as  the  Line  A  B. 

If  the  four  Sides  be  equal,  and  alfo  the  oppofite  Angles,  but  not  right  ones,  it  is  called  a  Fig.  33. 
Rhombus,  or  Lozange. 

If  two  oppofite  of  the  four  Sides  are  equal,  and  the  oppofite  Angles  alfo  equal,  but  not 
right  ones,  the  quadrilateral  Figure  is  called  a  Rhomboides.  Fig.  34. 

Alfo  a  Square  is  equiangular  and  equilateral ;  an  Oblong  is  equiangular,    but  not  equila- 
teral ;  a  Rhombus  is  equilateral,  but  not  equiangular  : 
•    And  a  Rhomboides  is  neither  equilateral  nor  equiangular. 

Every  quadrilateral  Figure,  that  hath  neither  its  Oppofite  Sides,  Parallel,  or  Equal,  isFig-35« 
called  a  Trapezium. 

A  Circle  is  a  plane  Figure,  comprehended  under  one  Line,  which  is  called  its  Circumfe-  Fig-  36' 
rence,  which  is  equally  diftant  from  a  Point  in  the  middle,  called  the  Center. 

A  Semicircle  is  a  Figure  terminated  by  the  Diameter  and  the  Semicircumference.  FlS*  3?° 

A  Portion,  or  Segment  of  a  Circle,  is  a  Figure  comprehended  by  a  part  of  the  Circumfe- 
rence, and  a  Chord  leffer  than  the  Diameter  ;  there  is  a  greater  and  lefler  Segment. 

A 


4  Definitions  necejfary,  &c. 

Fig.  38.  A  Sector  of  a  Circle  is  a  Figure  made  by  a  part  of  a  Circle,  terminated  by  two  Radii,  or 

Semidiameters,  which  do  not  make  a  right  Line  ;  there  is  a  great  and  fmall  Sedor. 
Fig.  39.  An  Elliplis  is  a  Figure  longer  than  it  is  broad,    comprehended  but  by  one  Curve  Line,  in 

which  the  *  two  greateft  Lines  that  can  be  drawn  at  right  Angles  to  one  another,  are  called 
the  Axes  of  the  Elliplis  ;  the  greatefl  of  which  is  called  the  great  Axis,  and  the  leffer  the 
leaft  Axis. 

The  Center  of  an  Ellipfis  is  that  Point  wherein  the  two  Axes  cut  each  other. 
Fig.  40.  Thofe  Figures  that  have  the  fame  Center,  are  called  Concentrick  Figures. 

Fig.  41.  Excentrick  Figures  are  thofe  that  have  not  the  fame  Center. 

Fig.  42.  Similar  Figures  are  thofe  which  have  their  Angles  equal  each  to  each  ;  that  is,  which  have 

each  Angle  of  one  Figure  equal  to  the  correfpondent  Angle  in  the  other  Figure,  and  have 
the  Sides  about  the  equal  Angles  proportional.  As  fuppofe  the  Side  a  b  is  one  half,  or  one 
third  ol  the  Side  A  B ;  then  all  the  other  Sides  of  the  lefTer  Figure  abed,  will  be  likewife 
one  half,  or  one  third  of  the  Sides  of  the  greater  Figure  A  B  C  D. 

The  corretpondent  Sides  in  this  Figure  are  called  homologous  Sides  ;  as  the  Side  A  B  of 
the  greater  Figure,  and  the  Side  a  b  ot  the  lefTer  Figure,  are  called  homologous  Sides. 
Equal  Figures  are  thofe  that  equally  contain  an  equal  Number  of  equal  Quantities. 
There  are  Figures  that  are  fimilar  and  equal. 
Others  are  equal,   and  not  fimilar  j 
And,  finally,  others  are  limilar,  but  not  equal. 
Fig.  43.  Ifoperimetrical  Figures  are  thofe  whofe  Circuits  are  equal  :  As,  for  Example,  the  Trian- 

gle ABC,  and  the  Square  A  B  C  D,  are  Ifoperimetrical  Figures ;  becaufe  each  Side  of  the 
Triangle  being  8,  its  Circuit  is  24,  and  every  Side  of  the  Square  being  6y  its  Circuit  is  alfo 
24  ot  thofe  equal  Parts  that  make  the  Circuit  of  the  Triangle. 

Body,  or  a  Solid,    is  that  which  hath  Length,  Breadth,  and  Thicknefs. 
Fig.  44.  A  Sphere,  Globe,  or  Ball,  is  made  by   the  entire  Revolution  of  a  Semicircle  about  its 

Diameter,  which  is  at  reft,  and  which  is  called  the  Sphere's  Axis. 
Fig.  45.  A  Spheroid  is  a  SoEd,  made  by  the  entire  Revolution  of  a  Semi-Ellipfis  about  its  Axis  re- 

maining at  reft. 
Fig.  46.  A  Pyramid  is  a  Solid  contained  under  feveral  Triangular  Planes  meeting  in  one  Point,  and 

having  a  Polygon  for  its  Bafe. 
Fig-47«  A  Cone  is  a  Species  of  a  Pyramid,  having  a  circular  Bafe  :  This  Solid   is  made  by  the  en- 

tire Revolution  of  a  right-angled  Triangle  about  one  of  the  Sides,    forming  the  right  An- 
gle, which  Side  is  called  the  Axis  of  the  Cone. 
Fig.  48.  A  Qlinder  is  a  Solid,  whofe  Bafes  are  two  equal  Circles.     This  Solid  is  generated  by  the 

entire  Revolution  of  a  right-angled  Parallelogram  about  one  of  its  Sides,  which  is  called 
the  Cylinder's  Axis. 
Fig.  49.  A  Prifm  is  a  Solid,  whofe  two  Bafes  are  two  fimilar,  equal,  and  parallel  Planes ;  and  when 

the  parallel  Planes  are  Triangles,  the  Prifm  is  called  a  Triangular  Prifm. 
Fig.  50.  When  the  two  Bafes  of  a  Prifm  are  Parallelograms,  it  is  called  a  Parallelopipedon. 

If  the  Sides  of  the  aforefaid  Bodies  are  perpendicular  to  the  Bafe,    they  are  called  right, 
or  Ifofceles  Solids. 

If  they  are  inclined,  they  are  called  Oblique,  or  Scalenous  Solids. 

A  regular  Body  is  that  which  is  contained  under  regular  and  equal  Figures,  all  the  folid 
Angles  of  which  are  likewife  equal. 

A  folid  Angle  is  the  meeting  of  feveral  Planes  in  one  Point ;  as  the  Point  of  a  Diamond. 
There  are  required  more  than  two  Planes  to  conftitute  a  folid  Angle. 
There  are  five  regular  Bodies  reprefented  in  the  fame  Plate,  together  with  the  Unfoldings 
of  their  Planes,  viz,. 
Fig.  j  1.  The  Tetrahedron,  contained  under  four  equal  and  equilateral  Triangles. 

Fig.  52,  The  Hexahedron,  or  Cube,  contained  under  fix  equal  Squares. 

Fig.  53.  The  Dodecahedron,  contained  under  twelve  equilateral  and  equal  Pentagons. 

Fig.  54.  The  Icofahedron,  contained  under  twenty  equal  and  equilateral  Triangles. 

Fig-  53*  The  Unfolding  nigh  to  each  of  the  aforenamed  regular  Bodies,    fhew   how  to  draw 

them  on  Brafs  orrafteboard,  in  order  to  cut  them  out ;  which  when  done,  if  they  are  duly 
folded  up,  there  will  be  formed  the  regular  Bodies. 

All  other  Solids  are  called  by  the  general  Name  of  Polyhedron,    which   fignifies   a  Body 
terminated  by  many  Superficies. 

If  in  the  following  Work,  Terms  be  ufed  that  are  not  here  defined,  they  fhall  be  defined 
and  explained  in  their  proper  Places. 

*  Our  Author  JboaM   have  faldt  the  greateft  and  leaft  Lines. 
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BOOK    I. 

Of  the  ConjlruBion  and  Ufe  of  Mathematical  Inflru- 
ments  ;  containing  the  common  Inftruments,  as  the 
Compafs,  the  Ruler,  the  Drawing-Pen,  the 
Porte-Craion,  the  Square,    and  the  Protra&or. 


CHAP.    L 

Of  the  Construction  and  Vfe  of  the  Compafles,    the  Ruler,  the 
Drawing-Pen,   and  the  Porte-Craion. 

HERE  are  feveral  Sorts  of  Compafles,  of  which  we  fhall  fpeak  more 
fully  hereafter ;  but  that  whofe  Ufes  we  intend  to  lay  down  in  this  Chap- 
ter, is  the  Common  Compafs.  Of  thefe  Compaflcs  there  are  two  kinds, 
viz..  Simple  Ones,  which  have  their  Points  fixed,  and  others  whofe  Points 
may  be  taken  off ;  both  kinds  being  of  different  Bignefl'es,  but  they  are 
commonly  in  Length  from  three  to  fix  Inches.  To  tnefe  Compafles,  that 
fhift  their  Points,  there  belongs  a  Drawing-Pen-Point,  a  Pencil-Point, 
and  fometimes  a  Dotting-Wheel,  to  make  dotted  Lines. 
The  Goodnefs  of  Compafles  confifts  chiefly  in  this,  That  the  Motion  of  their  Head  be 
very  equable,  that  fo  they  may  not  leap  in  opening  and  fhutting  ;  that  the  Joints  are  well  pig.A. 
fitted ;  that  they  are  well  filed  and  polifhed  ;  and,  laftly,  that  the  Steel-Points  are  well 
joined  and  equal.  The  Figure  A  fheweth  thefe  kinds  of  Compafles,  whofe  Conftruciion  we 
fhall  give  in  the  third  Book. 

Rulers,  which  are  of  Brafs,  or  Wood,  ought  to  be  very  ftrait  every  way ;   they  are  made  pjg,  b„ 
ft  rait  with  Files  and  a  Planner,  whofe  Bottom  is  Steel  ;   as  alfo  by  rubbing  them  and  another 
very  ftrait  Ruler  together  :   one  Side  of  thefe  Rulers  is  Hoped,    to  keep  the  Ink  from  blot- 
ting the  Paper. 

When  Lines  are  drawn  with  Ink,   they  ought  to  be  very  fine. 

To  know  whether  a  Ruler  be  very  ftrait  or  not,  draw  a  right  Line  upon  a  Plane  ;  then 
turn  the  Ruler  about,  and  apply  the  fame  Edge  to  the  Line ;  and  if  the  Edge  of  the  Ruler 
exaftly  agrees  with  the  right  Line,  it  is  a  Sign  the  Ruler  is  very  ftrait. 

The  Drawing-Pen  is  made  of  two  Steel  Blades  joined  together,    and  fattened  to  a  little 
Pillar,  at  the  other  End  of  which  is  a  Porte-Craion  ;  there  is  a  Cavity  between  theaforefaid  Fig.C 
Blades,  in  which  Ink  is  put  with  a  Pen  :  alfo  the  Blades  muft  join  each  other  in  Points  that 
be  very  equal.     There  is  likewife  a  fmall  Screw,  ferving  more   or  lefs  to  open   the  Blades, 
that  fo  Lines  may  be  drawn  fine  or  coarfe,  according  to  neceflity. 

The  Porte-Craion  ought  to  be  of  equal  Bignefs  every  where,  and  very  ftraitly  flit  down 
the  middle  with  a  fine  Saw  ;  alfo  the  Porte-Craion  is  bent  towards  the  end,  in  order  to 
fallen  a  Pencil  in  it,  by  means  of  a  little  Ring. 

C  USF 


6  Of  the  ConfiruBion  and  Ufe  Book  I. 

U  S  E  I. -To  divide- a  right  Lint  -into  tivo^qual  Parts. 

Plate  2.  Let  the  given  Line  be  A  B,  which  is  to  be    divided  into  two  equal    Parts:    About  the 

Fig.  i.  Point  A,  as  a  Center,  or  one  of  the  Ends  of  the  Line,  defcribe  the  circular  Arc  CD,  with 

your  Compaffes  opened  to  any  Diffance,  but  neverthelefs  greater  than  one  hah  of  AB.  Like- 
wife  about  the  other  end  B,  as  a  Center,  defcribe,  with  the  fame  Opening  of  your  Com-: 
paffes,  the  circular  Arc  E  F,  cutting  the  former  Arc  in  the  Points  G  H  ;  then  place  a  Ruler 
upon  thefe  two  Interfections,  and  draw  the  Line  G  H,  which  will  divide  the  Line  A  B  into 
two  equal  Parts. 

Note,  The  two  Arcs  will  not  interfect  each  other,  if  the  Opening  of  the  Compaffes  be  not 
greater  than  half  of  the  given  Line. 

USE  II.  Upvn  a  right  Line,   and  from  a  Point  given  in  it,  to  raife  a  Perfendiaihir. 

Fig.  2.  Let  the  given  right  Line  be  A  B,  and  the  Point  given  in  it  C,  upon  which  it  is  required 

to  raife  a  Perpendicular. 

From  the  given  Point  C,  mark  both  ways  with  your  Compaffes,  on  the  given  Line,  the 
equal  Diflances  C  A,  CB;  then  about  the  Points  A  B,  as  Centers,  and"  with  any  opening 
of  your  Compaffes  (greater  than  half  tjhe  given  Line)  defcribe  the  Arcs  D  E,  F  G,  i::ter- 
fe£tin<r  each  other  in  the  Point  H,  and  draw  the  Line  H  C,  winch  will  be  perpendicular  to 

A  B.  ' 

Fj    .  If  the  given  Point  C  be  at  the  End  of  the  Line,  defcribe  about  the  Point  C,  as  a  Centre, 

any  Arc  of  a  Circle;  on  which  take  twice  the  lame  opening  of  your  Compailes,  viz,,  from 
B  to  D,  and  from  D  to  E  :  then  about  the  Points  D,  E,  defcribe  two  Arcs,  interfering  one 
another  in  the  Point  F ;  lay  a  Ruler  upon  the  Points  F  and  C,  and  draw  the  Line  F  C, 
which  will  be  a  Perpendicular  upon  the  End  of  the  Line  CB. 

If  there  is  not  room  to  take  the  Length  of  D  E,  divide  the  Arc  B  D  into  two  equal -Parts 
in  the  Point  G,  and  make  D  H  equal  to  DG;  then  the  Line  H  C  will  be  a  Perpendicular. 

Fig.  4.  Or  otherwise,  having  drawn  the  indefinite  Line  B  D  F,  thro  the  Points  D,  F,  and  made 

D  F  equal  toBD;  F  C  will  be  a  Perpendicular. 

Fig.  5.  Or  again  in  this  Manner:  having  taken   the  Point  P  at  pleafure  above  the  given  Line, 

about  the  faid  Point,  as  a  Center ;  and  with  the  Interval  P  C,  defcribe  the  Arc  BCD,  then 
draw  the  Line  B  P,  and  produce  it  till  it  cuts  the  aforefaid  Arc  in  the  Point  D,  and  from 
the  Point  D  to  the  Point  C,  draw  the  Perpendicular  D  C- 

USE  III.    From  a  Point  given  "without  a  Line,  to  let  fall  a  Perpendicular  to  the  faid  Line. 

Let  the  given  Point  be  C,  from  which,   to  the  given  Line  A  B,  it  is  required  to  draw  a 
Perpendicular. 
F'g-  6-  About  the  Point  C,  as  a  Center,  defcribe  an  Arc  of  a  Circle  cutting  the  Line  A  B  in  the 

two  Points  D  E ;  then  from  the  Points  D  E,  make  the  Interfedion  F;  lay  a  Ruler  upon  the 
Points  C  and  F,  and  draw  the  Perpendicular  C  G. 

Note,  The  Intcrfe&ion  F  may  be  made  above  or  below  the  given  Line;  but  it  is  beft  to 
have  it  below  it ;  becaufe  when  the  Points  C  F  are  at  a  good  Di  fiance,  the  Perpendicular 
may  be  drawn  truer  than  when  they  are  nigh. 

When  the  Portion  of  the  Circle  defcribed  about  the  Point  C,  does  not  cut  the  Line  A  B 
in  two  Points,  the  Line  muff  be  continued  if  it  can  ;  it  it  cannot,  Reeourfe  muft  be  had  to  the 
Method  of  Fig.  5.  for  railing  a  Perpendicular  on  the  End  of  a  Line  :  as  fuppofe  a  Perpen- 
dicular is  to  be  let  fall  from  the  Point  D,  on  the  Line  C  D,  draw,  at  pleafure,  the  Line 
D  B,  which  bifecl  in  the  Point  P;  then  about  this  Point,  as  a  Centre,  and  with  the  Diftance 
P  D,  defcribe  the  Arc  D  C  B,  1  cutting  the  Line  A  B  in  the  Point  C.  Laftly,  lay  a  Ruler 
upon  the  Points  C  and  D,  and  draw  the  Line  C  D,  which  will  be  the  Perpendicular  requi- 
red. 
pj„#  ,  Otherwife,  let   A  B  be  the   given  Line,  and  C  the  Point  without  it;  take  two  Points  1 

and  2  at  pleafure,  on  the  faid  Line  A  B  ;  then  about  the  Points  1  and  2,  and  with  the  Dif- 
tances  1  C,  2  C,  defcribe  Arcs  of  Circles,  interfering  each  other  in  two  Points,  as  in  C 
and  D  ;  then  lay  a  Ruler  on  the  two  Interfections,  and  draw  a  Line,  which  will  be  the 
Perpendicular  required. 

USE    IV.    To  an  a  right-lined  Angle  into  tzuo  equal  Parts. 

Let  A  C  B  be  the  Angle  to  be  cut  into  two  equal  Parts. 
$l„  g.  About  the  Point  C,  as  a  Center,  defcribe  the  Arc  D  E  at  pleafure  ;  then  about  the  Points 

D  and  E,  defcribe  two  other  Arcs,  cutting  each  other  in  the  Point  F,  and  draw  the  Line  F  C 
thro  the  Points  F,  C,  which  will  cut  the  given  Angle  into  two  equal  Parts. 

If  it  be  required  to  divide  the  Angle  A  C  B  into  three  equal  Pares,  the  Arc  D  E  muf:  ten- 
tatively be  divided  by  your  Compailes  into  three  equal  Parts  ;  becaufe  the  Trifection  of  an 
Angle  by  right  Lines,  hath  not  yet  been  geometrically  found. 

USE 
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U  S  E  V.  To  raife  a  right  Line  on  a  given  Line,  that  may  incline  no  more  on' one  Side 

than  the  other. 

Make  the  fame  Operation  as  before,  and  produce  the  Line  FCG.  Fig. 8. 

USE  VI.  Upon  a  given  right  Line,  and  from  a  Point  given  in  it,  to  make  an 'Angle 

equal  to  a  given  Angle. 

Let  A  B  be  the  given  Line,  and  A  the  given  Point  upon  which  it  is  required  to  make  an 
Angle  equal  to  the  given  Angle  E  F  G. 

About  the  Point  F,  as  a  Center,  defcribe  the  Portion  of  a  Circle ;  and  with  the  fame  pjg.  <,, 
opening  of  your  Compafies,  defcribe  about  the  Point  A  another  Portion  ;  then  take  the  Big- 
nefsttf  the  Arc  E  G  between  your  Compares,  which  Diftance  lay  off  on  the  Arc  B  C  :  now 
thro  the  Points  A,  C,  draw  the  Line  A  C,  and  the  Angle  B  A  C  will  be  equal  to  the  Angle 
EFG. 

USE  VII.    'To  draw  a  Line  from  a  given  Point,  parallel  to  a  given  Line. 

Let  A  B  be  the  given  Line,  and  C  the  Point  thro  which  it  is  required  to  draw  a  Line 
parallel  to  A  B. 

About  the  Point  C,  as  a  Center,  and   with  any  opening  of  your  Compaffes,   taken  at 
pleafuve,  defcribe  the  Arc  D  B  cutting  the  given  Line  in  the  Point  B  :  alfo  about  tne  fame  Fig.  ic, 
Point  B,  as  a  Center,  and  with  the  fame  opening  of  your  Compares,  defcribe  the  Arc  C  A; 
then  take  the  Diftance  of  the  Points  C,  A,  and  lay  it  off  from  B  to  D,  and  thro  the  Points 
C  and  D,  draw  the  Line  C  D,  which  will  be  parallel  to  A  B. 

Otherwife,  about  the  Point  C,  as  a  Center,  defcribe  an  Arc  touching  the  given  Line ; 
and  about  another  Point,  taken  at  pleafure  in  the  Line  A  B,  defcribe,  with  the  fame  opening  pjg>  IIq 
of  your  Compaffes,  the  Arc  D :  then  thro  the  Point  C,  draw  a  Line  touching  the  Arc  D, 
and  the  Line  C  D  will  be  parallel  to  A  B. 

But  as  it  is  difficult  to  find  whereabouts  the  Point  of  Contact  will  be,  there  is  another 
way  which  is  better,  and  is  thus  : 

About  the  Point  C,  as  a  Center,  and  with  any  Diftance,  defcribe  an  Arc  cutting  the  Line  Fig.ia. 
A  B  in  A. 

And  about  another  Point  in  the  fame  Line,  as  B,  defcribe  another  Arc,  with  the  fame 
opening  of  your  Compaffes  ;  then  open  the  Compaffes  to  the  Diftance  A  B,  and  about  the 
Point  C,  as  a  Center,  defcribe  an  Arc  cutting  the  former  one  in  the  Point  Di  and  thro 
the  Points  C  and  D  draw  a  Line,  which  will  be  parallel  to  A  B. 

USE  VIII.    To  divide  a  given  Line  into  any  number  of  equal  Parts. 

Let  the  Line  given  be  A  B,  which  is  required  to  be  divided  into  eight  equal  Parts :  firft,  Fig.  13. 
draw  the  Line  B  C,  at  pleafure,  making  any  Angle  with  the  Line  A  B.    Likewife  'draw  the 
Line  A  D  parallel  toBC;  then  divide  B  C  into  eight  equal  Parts,  taken   at  pleafure,  and 
make  the  fame  Parts  on  the  Line  A  D,  and  thro  the  Divifions  of  them,  draw  Lines,  which 
will  divide  the  Line  A  B  into  eight  equal  Parts. 

Or  otherwife,  draw  the  Line  a  b  parallel  to  A  B,  which  is  propofed  to  be  divided  ;  then  Fig.  14. 
take  8  equal  Parts  on   the  Line  a  b.    Now  thro  the  Ends  of  the  two  Parallels  draw  two 
Lines,  which   form  Triangles  with  the  Parallels,  and  interfecl:  each  other  in  the   Point  C; 
then  from  the  Point  C,  draw  Lines  to  the  Divifions  made  on  the  Line  a  b,  which  will  cut 
the  Line  A  B  in  the  Number  of  equal  Parts  required. 

This  Divifion  of  Lines  ferves  to  make  Diagonal  Scales ;  as  fuppofe  the  Line  A  B  is  to 
make  a  Scale  of  eighty  Parts,  or  eighty  Fathom  ;  each  Part  of  this  Line,  divided  into  eight,  Fig.  15. 
contains  ten  Fathom  :  but  fince  it  is  difficult  to  divide  each  of  the  aforefaid  Parts  into  ten 
others,  you  muff  raife  from  the  Ends  of  the  Line  A  B,  the  Perpendiculars  A  D  and  B  C,  on 
which  take  ten  Parts  at  pleafure ;  from  every  of  which,  you  muff  draw  Parallels  to  the  Line 
A  B  ;  then  the  fame  Divifions  muff  be  made  on  the  Line  D  C,  as  on  A  B  ;  and  the  tranf- 
verfal Lines  A  E,   10  F,  20  G,  &c.  muft  be  drawn. 

Now  it  is  eafy  to  take  off  any  Number  of  Fathoms  from  this  Scale  :  as,  for  Example,  to 
take  off  23  Fathoms;  Take  the  Concourfe  of  the  Tranfverfal  20  G,  with  the  Parallel  3,  that 
is  at  the  Point  Z,  and  Z  3  will  be  23  Fathom.  Moreover,  if  5 8  Fathom  is  required,  take 
the  Concourfe  of  the  Tranfverfal  50  H,  with  the  Parallel  8,  which  is  Y,  and  Y  8  will  repre- 
fent  58  Fathom,  and  fo  of  others.  Feet  might  be  put  upon  this  Scale,  by  making  a  greater 
Diftance  between  the  Parallels  ;  and  by  fub-dividing  them  into  12  equal  Parts,  there  woulcl 
be  obtained  Inches. 

But  now  to  divide  a  very  fhort  Line  into  a  great  Number  of  equal  Parts,  as  into  100  or 
1000  :    For  Example;  Suppofe  the  Line  A  D  is  to  be  divided  into  1000  equal  Parts;  firft,      =>• 
from  the  Ends  A  D,  raife  the^Perpendiculars  A  B,  DC,  and  divide  each  of  thefe  Perpendi- 
culars into  10  equal  Parts,  and  draw  thro  the  Divifions  the  like  Number  of  Parallels  to  A  D; 
then  divide  each  of  the  Lines  A  D,  B  C,  into  10  equal  Parts,  v.'hich  foin  by  the  like  Ntim- 

•ber 


8  Of  the  ConjlruBion  and  Ufe      Book  I. 

ber  of  Perpendiculars.     Again,  fubdivide  the  firft  Space  A  E,  and  its  Parallel,  into  10  more 
Parts,  which  join  by  tranfverfal  or  oblique  Lines,  as  the  Line  E  i,  &c. 

By  this  Means  the  firft  Interval  A  E,  will  be  divided  into  ioo  equal  Parts  ;  for  which  Rea- 
fon,  the  Numbers  200,  300,  400,  500,  &c.  to  1000,  are  placed  on  this  Scale,  as  may  be 
feen  in  Fig.  16. 

The  Manner  of  taking  off  any  Number  of  equal   Parts   from  the  aforefaid  Scale,  is  die 
fame  as  that  which  hath  been  already  fhewn  in  the  precedent  Figure.     We  (hall  again  men^- 
tion  this  Scale  in  the  Chapter  of  the  Sector.  There  are  alfo  Sines,  Tangents,  and  Secants, 
projected  upon  Scales,  in  the  following  Manner :  If  from  each  Degree  of  the  Quadrant  I  F, 
beginning  from  the  Point  I,  Perpendiculars  are  let  fall  to  the  Radius  A  I,  thefe  will  be  the 
Sines  of  each  Degree,  the  greateft  of  which  is  the  Radius  of  the  Circle,  or  Sinus  Totus  A  F  ; 
and  the  Lengths  of  all  thefe  Sines  may  be  projected  upon  the  Radius,  in  order  to  make  a 
Scale,  beginning  from  the  Point  A;  as  the  Sine  D  K  is  lay'd  off  from  A  towards  G,  &c. 
And  if  the  Tangent  I  E,  be  indefinitely  produced  towards  E,  and  from  the  Center  A, 
Fig.  17.         Lines,  as  A  E,  be  drawn  thro  each  Degree  of  the  Quadrant,  to  the  Tangent  I  E  produced, 
thefe  will  be  the  Secants  of  each  Degree  of  the  Quadrant.     Whence  it  is  manifeft,  that  any 
one  of  the  Secants  is  greater  than  the  Radius  A  I.     It  is  likewife  plain,  that  every  Tangent 
I  E,  is  terminated  by  its  Secant  A  E,  in  the  Line  I  E,  which  will  be  a  Scale  of  Tangents  : 
and  it  is  in  this  manner,  that  the  fimple  Scales  of  Sines,  Tangents,  and  Secants,  are  made  in 
taking  between  your  Compaffes  each  of  thofe  Diftances,  and  laying  them  off  upon  a  Ruler. 
The  Tables  of  Sines,  Tangents,  and  Secants,  are  likewife  made  on  this  Principle :  for  the 
Radius  of  a  Circle,  or  Sine  of  a  right  Angle,  is  fuppofed  to  be  divided  into  10000,  and  then 
there  is  found  how  many  ot  thefe  Parts  every  right  Sine  contains ;  as  alfo  the  Tangents  and 
Secants  from  one  Minute  to  po  Degrees  ;  which,  when  put  in  order,  are  called  the  Tables 
of  Sines,  Tangents,  and  Secants. 

Logarithms  are  Numbers  in  an  Arithmetical  Progreflion,  to   which  anfwer  other  Num- 
bers in  a  Geometrical  Progreflion,  as  the  two  following  Progreflions. 
Prog.  Geom.  Numb.   1,  2,  4,  8,  16,  32,  64,  128,  256,  &c. 

Prog.  Arith.  Log.  o,  1,  2,  3,  4,  5,  <5,  7,  8,  &c.  Logarithms  were  invented  to 
perform  Multiplication  by  only  the  help  of  Divifion,  and  Divifion  by  Subftraction  ;  by  which 
Operations  are  infinitely  fhortened,  and  fo  they  are  of  excellent  Ufe  in  Aftronomical  Calcula- 
tions. 

Note,  The  Ufe  of  thefe  Tables  is  explained  in  Books  of  the  Tables  of  Sines,  Tangents, 
and  Secants. 

USE  IX.  To  cut  off  from  a  given  Line  any  Part  afpgned. 

Let  the  Line  A  B  be  the  given  Line  from  which  it  is  required  to  cut  off  the  fourth  Part. 
Fig.  18.  Draw  the  indefinite  Line  A  C,  making  any  Angle  with  the  Line  A  B,  which  divide  into 

four  equal  Parts  at  pleafure ;    then  from  the    laft  Divifion,  draw  the  Line  B  4,  and  after- 
wards the  Line  D  I,  parallel  to  B  4,  which  will  be  a  fourth  Part  of  A  B. 

USE  X.  To  draw  a  right  Line  thro  a  given  Point,  that  /hall  touch  a  Circle. 

If  the  given  Point  be  in  the  Circumference,  draw  the  Radius  A  B,  and  on  the  Point  B 

raife  the  Perpendicular  B  C,  which  will  be  a  Tangent   in  the  Point  B.     But  if  the  given 

Fig.  19  8c  20.  Point  B  be  without  the  Circle,  draw  a  right  Line  from  the  Center  A,  to  the  Point  B,  which 

bifect  in  the  Point  D :  then  about  the  faid  D,  as  a  Center,  and  with  the  Diftance  B  D,  de- 

fcribe  a  Semi-Circle  cutting  the  Circle  in  the  Point  E,  and  draw  B  E,  which  will  be  a  Tan- 

Sent'       :  .  .       . 

If  a  Circle  be  given  with  its  Tangent,  and  the  Point  of  Contact  be  required,  let   fall  the 

Perpendicular  A  B  from  the  Center  of  the  Circle,  and    the  Interfection  of  the  Tangent  with 

the  faid  Perpendicular,  will  be  in  the  Point  of  Contrail;. 

USE  XI.  Upon  a  given  Ltne  to  defcribe  a  Spiral,  making  any  Number  of  Revolutions. 
Let  the  given  Line  be  AB,  upon  which  it  is  required  to  defcribe  a  Spiral  of  3  Revolutions. 
Firft,  bifect  that  Line  in  the  Point  C,  about  which  Point,  as  a  Center,  defcribe  a  Semi- 
circle, whofe  Diameter  may  be  equal  to  the  given  Line  A  B  ;  then  tri  feet  the  Semi-Diame- 
Fig.  21.  ter  m  tne  Points  D  E,  and  about  the  fame  Center  defcribe,  on  the  fame  Side  the  Line  A  B, 
two  other  Semi-Circles  paffing  thro  the  Points  D  E  :  again,  fubdivide  the  Space  C  E,  into 
two  equal  Parts  in  the  Point  F  ;  about  which,  as  a  Center,  defcribe  on  the  other  Side  of  the 
given  Line,  three  other  Semi-Circles,  and  a  Spiral  of  three  Revolutions  will  be  had.  If  the 
Spiral  is  required  to  make  four  Revolutions,  you  mull  divide  the  Semi-Diameter  A  C  into 
4  equal  Parts. 

USE  XII.  Upon  a  given  right  Line,  to  defcribe  an  equilateral  Triangle. 

Let  A  B  be  the  given  Line  on  which  it  is  required  to  defcribe  an  equilateral  Triangle. 

Fig.  22.  About  the  Point  A,  and  with  the  Diftance  A  B,   defcribe  an  Arc  of  a  Circle ;  and  about 

the  Point  B,  as  a  Center,  with  the  Diftance  B  A,  defcribe  another  Arc  cutting  the  precedent 

one  in  the  Point  C  ;  then  draw  the  Lines  C  A,  CB;  and  the  Triangle  ABC,  will  be  an 

equilateral  Triangle.  USE 
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USE  XIII.  Upon  a  given  right  Line,  to  make  a  Triangle  equal  and  fimilar  to  a  given  one. 

Let  the  given  Triangle  be  A  B  C,  to  which  it  is  required  to   make  another  fimilar,  as  Fig-  *4« 
DEF.  and  2 j. 

Make  the  Line  D  E  equal  to  A  B  ;  then  about  the  Point  D,  as  a  Center,  and  with  the 
Radius  A  C  defcribe  an  Arc  ;  alfo  about  the  Point  E,  as  a  Center,  and  with  the  Radius  B  C 
defcribe  another  Arc,  cutting  the  former  one  in  the  Point  F  ;  then  draw  the  Lines  D  F, 
E  F,  and  there  will  be  a  Triangle  made  equal  and  fimilar  to  the  given  one. 

USE  XIV.  Upon  a  given  right  Line  to  make  a  "Triangle  fimilar  to  a  given  one. 

Let  the  given  Line  be  H  I,  upon  which  it  is  required  to  make  a  Triangle  fimilar  (but  Fig,  26, 
not  equal)  to  the  Triangle  ABC.  and  27. 

Make  the  Angle  H  equal  to  the  Angle  A,  and  the  Angle  I  equal  to  the  Angle  B  ;  then 
draw  the  Lines  H  G,  I  G,  till  they  meet  each  other,  and  the  Tnangle  H  I  G  will  be  that 
required. 

USE  XV.  To  make  a  Triangle  of  three  right  Line<;  given  ;  but  any  two  of  them  mufl  be  longer 

than  the  third. 

Let  the  three  given  Lines  be  A,  B,  C  ;  firft  make  the  Line  D  E  equal  to  the  Line  A,  and  Fig,  28. 
about  the  Point  E  as  a  Center,  with  an  Interval,  equal  to  the  Line  B,  defcribe  the  Portion 
of  a  Circle  ;  alfo  about  D,  as  a  Center,  with  an  Interval  equal  to  C,    defcribe  another  Por- 
tion of  a  Circle,  cutting  the  former  one  in  the  Point  F  j  then  draw  the  right  Lines  F  D,  F  E, 
and  the  Triangle  DFE  will  be  that  required. 

USE    XVI.  Upon  a  given  right  Line  to  make  a  Square. 

Let  the  given  Line  be  A  B,  on  which  it  is  required  to  defcribe  a  Square,  whofe  Side  pj„  ,„ 
may  be  equal  to  the  given  Line,  firft  about  the  Point  A,  as  a  Center  ;  and  with  the  Diftance 
A  B,  defcribe  the  Arc  B  D,  and  about  the  Point  B  the  Arc  A  E,  interfering  it  in  the  Point 
C,  and  divide  the  Arc  C  A,  or  C  B,  into  two  equal  Parts  in  the  Point  F  :  now  make  the 
Intervals  C  E,  and  C  D,  equal  to  C  F,  and  draw  the  Lines  AD,  BE,  D  E,  and  the 
Square  will  be  made. 

Or,  otherwife,  upon  the  End  of  the  Line  AB,  raife  the  Perpendicular  A  D  equal  to  A  B, 
and  about  the  Point  D,  as  a  Center,   with  the  Diftance  A  D,  defcribe  an  Arc ;  likewife,  c. 
with   the  fame  opening  of  your    Compares  about  the  Point  B,    defcribe  another  Arc,  an^'  |I# 
cutting  the  firft  in  the  Point  E,   and  draw  the  Lines  AD,  D  E,  E  B,  and  the  Square  will  be 
made. 

I  fhall  fhew,  in  the  Ufes  of  the  Protrador  and  Sedor,  how  to  make  any  regular  Polygon 
upon  a  given  Line  ;  but,  by  the  way,  I  fhall  give  one  general  Method  for  conftruding  them, 
by  means  only  of  a  Ruler  and  Compaffes. 

USE    XVII.    To  infcribe  any  regular  Polygon  in  a  Circle. 

Suppofe,  for  Example,  a  Pentagon  is  to  be  made  :  Now  if  the  Circle  be  given,  divide  its 
Diameter  into  five  equal  Parts  (by  Ufe  VIII.)  but  if  it  be  not  given,  draw  with  your  Pen- 
cil an  indefinite  Line  for  a  Diameter  ;  which  being  divided  into  five  equal  Parts,  open  your 
Compaffes  the  whole  Extent  of  the  Diameter,  and  fetting  one  Foot  of  them  upon  the  Ends  ^'  ^' 
of  the  Diameter,  defcribe  two  Arcs  interfeding  each  other  in  the  Point  C,  that  thereby  an 
equilateral  Triangle  may  be  formed ;  then  having  drawn  a  Circle  about  the  Diameter,  lay  a 
Ruler  upon  the  faid  Point  C,  and  upon  the  fecond  Divifion  of  the  Diameter,  and  draw  a 
Line,  cutting  the  concave  Part  of  the  Circumference  in  the  Point  D ;  then  the  Arc  A  D  will 
be  nighly  a  fifth  part  of  the  Circumference  :  therefore  the  Extent  A  D  will  divide  the  Circle 
into  five  equal  Parts,  and  drawing  five  Lines,  the  propofed  Polygon  will  be  made. 

This  is  a  general  Method  to  make  all  regular  Polygons :  As,  to  make  a  Heptagon,  there 
is  no  more  to  do  but  divide  the  Diameter  A  B  into  feven  equal  Parts  (that  is,  into  as  ma- 
ny Parts  as  the  Figure  hath  Sides)  and  always  drawing  a  Line  from  the  Point  C,  thro'  the  fe- 
cond Divifion  of  the  Diameter. 

The  Conftrudion  of  a  Hexagon  is  fimpler ;  becaufe,  without  any  Preparation,  the  Ra- 
dius, or  Semidiameter  of  the  Circle  will  divide  the  Circumference  into  fix  equal  Parts. 

And  the  Dodecagon  is  made  in  only  bifeding  each  Arc  of  the  Hexagon  ;  therefore  to 
make  a  Decagon,  every  Arc  of  the  Pentagon  muft  be  bifeded. 

This  Problem  is  almoft  the  fame  as  that  defcribed  in  cap.  ij.  lib.  1.  of  the  Chevalier  de 
Ville's  Fortification,  except,  that  for  dividing  the  Circle,  he  draws  a  Line  from  the  exterior 
Angle  of  the  equilateral  Triangle,  thro'  the  firft  Point  of  Divifion  of  the  Diameter,  and  af- 
terwards he  doubles  the  Arc  of  the  Circle  ;  but  his  Method  is  far  from  being  exad  :  for,  in 
the  Defcription  of  a  Pentagon,  the  Angle  at  the  Center  is  too  great  by  forty  four  Minutes  ; 
in  the  Heptagon  it  is  too  great  one  Degree  and  five  Minutes  ;  and  fo  the  Error  will  be  aug- 
mented in  Polygons  of  a  greater  number  of  Sides.  But  by  making  the  Line  pafs  thro'  the 
fecond  Point  of  Divifion  of  the  Diameter,  the  Angle  at  the  Center  of  the  Pentagon  will  be  but 
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about  fix  Minutes  too  little,  and  in  the  Heptagon  it  is  too  great   by  about  iix  Minutes  ; 

which  are  much  lefs  Errors,  and  almoft  infenfible  in  the  Description  ot  the  Polygons. 

4  The  Truth  of  the  aforelaid  Method  of  infcribing  any  regular  Polygon  in  a  Circle,  which 
is  mentioned  in  Sturmy's  Mathejis  Juvenilis,  may,  by  the  help  of  Trigonometry,  be  eafily 
examined.  For,  fuppofe  A  C  G  to  be  a  Circle,  D  the  Center,  A  C  the  Diameter,  A  B  C  an 
equilateral  Triangle,  E  the  fecond  Point  of  Divifion  of  the  Diameter  divided  into  any  Num- 
ber of  equal  Parts,  B  F  drawn  thro'  the  Points  B,  E,  D  B,  perpendicular  to  A  C,  and  the 
Points  D,  F,  joined  :  Now  becaufe  the  Semidiameter  DC,  and  the  whole  Diameter  B  C  are 
given,  the  Perpendicular  D  B  (per  Prop.  47.  lib.  1.  End.)  will  be  had. 
'  Again,  becaufe  the  Number  of  equal  Parts  the  Diameter  is  divided  into,  is  given,  the 
Line  C  E,  which  is  two  of  thofe  eqfcal  Parts,  will  be  given,  and  confequently  the  Part  D  E ; 
then  in  the  right-angled  Triangle  B  D  E,  the  Sides  B  D,  D  E  being  given,  the  Angle  DB  E 
may  be  found,  by  faying,  as  D  B  is  to  D  E,  fo  is  Radius  to  the  Tangent  of  the  Angle 
DBE. 

'  Moreover,  becaufe  in  the  Triangle  B  D  F,  the  Sides  D  B,  and  D  F  (equal  to  D  C)  are 
"iven,  and  the  Angle  F  B  D  (which  is  now  foundj,  the  Angle  B  F  D  may  be  found,  by  fay- 
ing, as  D  F  is  to  D  B,  fo  is  the  Sine  of  the  Angle  DBF,  to  the  Sine  of  the  Angle  D  FB  : 
which  being  found,  add  it  to  the  Angle  DBF,  and  fubftract  the  Sum  from  180  Degrees  ,• 
then  the  Remainder  will  be  the  Angle  B  D  F,  from  which  take  the  right  Angle  B  D  C, 
and  the  Remainder  will  be  the  Angle  F  D  C  of  the  Center  of  the  Polygon. 
4  I  have  calculated,  according  to  the  aforefaid  Directions,  the  Quantity  of  the  Angle  F  DC 
for  a  Pentagon,  which  I  find  to  want  about  14  Minutes  of  72  Degrees,  the  Angle  of  the 
Center  for  a  Pentagon,  (tho'  our  Author  fays  it  wants  but  fix)  likewife  the  Hexagon  wants 
12  Minutes  of  60  Degrees,  the  Angle  at  the  Center  ;  that  of  the  Octagon  is  one  Degree  tco 
great,  and  that  of  the  Dodecagon  29  Minutes  too  great  :  therefore  this  Method  is  very  er- 
roneous, and  not  to  be  ufed  ;  it  being  only  true  for  infcribing  a  Square.' 

USE  XVIII.  To  draw  a  Circle  thro'  three  given  Points,  provided  they  he  not  in  a  right  Line. 

Let  the  given  Points  be  A  B  C  :  firft  draw  a  Line  from  the  Point  A  to  the  Point  B,  and 
another  from  the  Point  B  to  the  Point  C  ;  both  of  which  divide  into  two  equal  Parts  by  the 
Lines  D  E,  F  G,  drawn  at  right  Angles  to  them,  and  meeting  each  other  in  the  Point  H, 
which  will  be  the  Center  of  the  Circle  :  Now  about  the  Point  H  as  a  Center,  and  with  the 
Diftance  HA,  H  B,  or  HC,  defcribe  a  Circle,  and  what  was  required  will  be  done. 

By  this  means  the  Circumference  of  a  Circle  begun,  may  be  finiflied,  in  taking  three  Points 
in  it,  and  proceeding  as  before. 

USE    XIX.  To  find  the  Center  of  a  Circle. 
Let  A  B  D  be  the  given  Circle,  whofe  Center  is  required  to  be  found  ;  draw  the  Line  A  B, 
which  bifect  by   the  Line  C  D  at  right  Angles  :  likewife  bifect  the  Line  C  D  by  the  Line 
E  F,  cutting  the  Line  C  D  in  the  Point  G,  which  will  be  the  Center  of  the  Circle. 

USE  XX.  To  dram  a  right  Line  equal  to  the  Circumference  of  a  Circle  ;  ands  contrariwife}  to 
make  the  Circumference  of  a  Circle  equal  to  a  given  Line. 

Let  the  given  Circle  AB  C  D  be  that  whofe  Circumference  it  is  required  to  make  a  right 
Line  equal  to  :  Firft  draw  a  right  Line,  and  lay  off  upon  it  three  times  and  4  of  the  Dia- 
meter, as  from  GtoH;  then  this  right  Line  G  H  will  be  almoft  equal  to  the  Circumference 
of  the  Circle :  I  fay  almoft  ;  ror  if  it  could  be  exa&ly  had  equal  to  the  Circumference,  the 
Quadrature  of  the  Circle  would  alfo  be  had,  which  hath  not  yet  been  Geometrically  found. 

USE  XXI.  To  defcribe  an  Oval  upon  a  given  right  Line. 
Let  A  B  be  the  given  Line,  upon  which  it  is  required  to  defcribe  an  Oval  ,-  trifect  it  in 
the  Points  C  and  D ;  then  upon  the  Part  C  D  defcribe  two  equilateral  Triangles,  whofe 
Sides  produce  ;  and  about  the  Points  C,  D,  with  the  Diftance  C  A,  or  D  B,  defcribe  Portions 
of  a  Circle  to  the  Sides  of  the  Triangles,  produced  to  the  Points  E,  F,  G,H  ;  then  about  the 
Points  I,  K,  as  Centers,  and  with  the  Radius  IE,  or  I  G,  defcribe  the  Arc  EG  on  one  Side, 
and  the  Arc  F  H  on  the  other,  and  the  Oval  will  be  made. 

USE  XXII.  To  defcribe  an  EUipfis,  having  the  two  Axes  given. 

Let  the  great  Axis  be  A  B,  and  the  fmall  one  C  D,  interfering  each  other  at  right  Angles 
in  the  Point  G. 

Firft  take  with  your  Compafles,  or  a  String,  half  the  Length  of  the  great  Axis,  that  is, 
AG,  or  G  B  ;  and  with  this  Length  fetting  one  foot  of  your  Compafles  in  the  Point  C,  de- 
fcribe a  Circle  cutting  the  great  Axis  in  the  Points  E,  F,  which  will  be  the  Foci  of  the  Ellip- 
fis.  This  being  done,  place  Pins  in  thefe  Foci  ;  or  if  the  Ellipfis  to  be  defcribed  be  re- 
quired large,  and  to  be  on  the  Ground,  as  in  a  Garden,  drive  Pegs  into  them  :  Then  take 
a  Thread,  or  String,  equal  in  Length  to  the  great  Axis  A  B,  and  after  having  doubled  it, 
put  it  about  the  two  Pins  or  Pegs  placed  in  the  Foci  E,  F ;  fo  that  the  two  Ends  which  you 
hold  in  your  Hand  may  be  in  the  End  C  of  the  fmall  Axis :  then  holding  a  Pencil,  or  fome- 
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thing  elfe  proper  to  make  a  Mark,  in  your  Hand  at  C,  move  it  round,  keeping  the  String 
always  tight,  till  it,  together  with  the  Ends  of  the  Thread  or  String,  come  again  to  the 
Point  C,  and  the  Ellipfis  ADBC  will  be  defcribed  by  the  Pencil. 

Note,  This  Method  of  defcribing  an  Ellipfis  is  the  beft  of  any  ;  as  alfo  if  the  Thread,  or 
String,  be  in  Length  augmented  or  diminifhed,  without  changing  the  Diftance  of  the  Foci, 
there'  will  be  had  Ellipfes  of  another  kind.  Moreover,  if  without  changing  the  Length  of 
the  Thread,  or  String,  the  Diftance  of  the  Foci  be  diminifhed,  there  will  ftill  be  had  another 
Species  of  Ellipfes  ;  and  when  the  Foci's  Diftance  is  infinitely  diminifhed,  a  Circle  will  be 
defcribed  :  But  if  the  Length  of  the  great  Axis  be  augmented  or  diminifhed,  together  with  ' 
the  String  (which  is  equal  to  it)  in  the  fame  Proportion  as  the  Diftance  of  the  Foci,  all  the 
Ellipfes  will  be  of  the  fame  kind,  but  of  different  Magnitudes. 

To  draw  an  Ellipfis  another  way. 

The  two  Foci  E,  F,  being  found  (as  in  the  precedent  Figure)  any  Number  of  Points, 
thro5  which  the  Eliiplis  mult  pafs,  may  in  this  manner  be  found.  Open  your  Compaffes  at 
pleafure  to  any  Diftance  greater  than  A  F,  as  to  the  Diftance  AI;  then  fet  one  of  their 
Points  in  the  Focus  F,  and  with  the  other  defcribe  the  Arc  O  R  j  afterwards  open  the  Com-  Fig.  39. 
paffes  the  Diftance  I  B,  which  is  the  remaining  part  of  the  great  Axis,  and  fetting  one  of 
its  Points  in  the  other  Focus  E,  with  the  Diftance  I  B  defcrfbe  the  Arc  S  T,  and  the  Point 
P  of  Interfection  will  be  in  the  Periphery  of  the  Ellipfis.  In  like  manner,  the  Diftances  A  L, 
L  B,  defcribed  about  the  Foci,  will  interfect  each  other  in  the  Point  H  :  and,  finally,  by 
opening  your  Compaffes  to  different  Diftances,  any  Number  of  Points  may  be  found  ;  which 
being  joined,  an  Ellipfis  will  be  had. 

Note,  Every  Opening  of  your  Compaffes  ferves  to  find  four  Points  equally  diftant  from  the 
Axes ;  as  alfo  if,  from  any  Point  taken  at  pleafure  in  the  Periphery  of  an  Ellipfis,  two  right 
Lines,  as  P  F,  P  E,  aredrawn  to  the  Foci ;  thefe  will  be  both  together  equal  to  the  great  Axis. 

USE  XXIII.  To  make  one  Figure  equal  and  fimilar  to  another  Figure. 

Let  the  propofed  Figure  be  A  B  C  D  E,  to  which  another  is  to  be  made  fimilar  and  equal. 

Firft  divide  it  into  Triangles  by  the  Lines  AC,    AD;    then  draw  the  Line  a  b  equal  to 
A  B  ;  and  about  the  Point  b,  with  the  Diftance  B  C,  defcribe  an  Arc  :  alfo  about  the  Point  rf,Fig.  40* 
and  with  the  Diftance  A  C,  defcribe  another  Arc,  cutting  the  former  one  in  the  Point  c,  and 
draw  the  Line  b  c  :  In  like  manner  proceed  for  the  other  Sides,  and  the  Figure  a  b  c  d  e  will 
&c.  be  fimilar  to  the  propofed  Figure  A  B  C  D  E. 

USE  XXIV.  To  reduce  great  Figures  to  leffer  ones,  and  contrariwise. 

Becaufe  the  Reduction  of  Figures  is  ufeful,  there  is  here  three  ways  given  to  reduce  them. 

Firft,  a  Figure  may  be  reduced  in  taking  a  Point  within  it,  and   drawing  of  Lines   to  all  Fig.  41. 
the  Angles  :  for  Example,  let  the  Figure  ABCDE  be  propofed  to  be  reduced  to  a  leffer. 

Take  the  Point  F,  about  the  middle  of  the  Figure,  and  draw  Lines  to  all  the  Angles 
ABCDE;  then  draw  the  Line  a  b  parallel  to  the  Line  A  B,  the  Line  b  c  parallel  to  B  C, 
and  the  Figure  abode  will  be-fimilar  to  the  Figure  ABC  D  E. 

If  a  greater  Figure  be  required,  there  is  no  more  to  do  but  produce  the  Lines  drawn  from 
the  Center  of  the  Figure,  and  then  drawing  Parallels  to  its  Sides. 

To  reduce  a  Figure  by  the  Scale. 

Meafure  all  the  Sides  of  the  propofed  Figure  ABCDE,  with  the  Scale  G  H  ;  then  take 
-  another  leffer  Scale  K  L,  containing  as  many  equal  Parts  as  the  greater.     Now  make  the  Side  pig.  ^2„ 
a  b  as  many  Parts  of  the  leffer  Scale,  as  the  Side  A  B  contains  of  the  greater  one's  Parts  ; 
alfo  make  b  c  as  many  Parts  as  B  C,  and  a  c    as  many  as  A  C,  &c\    by  which  means  the  Fi- 
gure will  be  reduced  to  a  leffer  one. 

To  reduce  a  leffer  Figure  to  a  greater  one,  a  greater  Scale  muft  be  had,  and  proceed  as 
before.  ' 

To  reduce  Figures  by  the  Angle  of  Proportion. 

Let  the  propofed  Figure  A  B  C  D  E  be  that  which  is  to  be  diminifhed  in  the  proportion 
of  the  Line  A  B,  to  the  Line  a  b. 

Firft  draw  the  indefinite  Line  G  H,  and  take  the  Length  A  B,  and  lay  off  from  GtoH;  Fig.  43< 
then  about  the  Point  G,  defcribe  the  Arc  H  I.     Again,  take  the   Length  of  the  given  Side 
a  b,  as  a  Chord  of  the  Arc  H  I,  draw  the  Line  G  I,  and  the  Angle    I  G  H  will  give  all  the 
Sides  of  the  Figure  to  be  reduced. 

As  to  have  the  Point  c,take  the  Interval  BC,  and' about  the  Point  G  defcribe  the  Arc  K  L  ; 
alfo  about  the  Point  £,'with  the.  Diftance  LK,  defcribe  a  fmall  Arc.  Now  take  the  Diftance  AC, 
and  about  the  Point  G  defcribe  the  Arc  M  N  ;  likewife  about  the  Point  a,  with  the  Diftance 
MN, defcribe  an  Arc,cutting  the  precedent  one  in  the  Point  c,  which  will  be  that  which  muft 
be  had  to  draw  the  Side  be  :  in  like  manner  proceed  for  all  the  other  Sides  and  Angles  of  the 
Figure. 

If  by  this  means  a  fmall  Figure  is  to  be  reduced  to  a  greater,  the  fame  manner  of  pro- 
ceeding will  do  it  ;  but  the  Side  of  the  Figure  to  be  augmented  muft  be  lefier  than  double 
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of  that  anfwering  to  it.  As  for  Example  ;  to  reduce  the  Figure  a  b  c  de  to  a  greater,  the 
Side  A  B  of  the  greater  one,  muft  be  lefler  than  double  the  Side  a  b  of  the  fmaller  one  : 
for  if  it  was  double,  the  two  Lines  forming  the  Angle  I  G  H,  would  direftly  meet  each 
other,  and  make  but  one  right  Line. 

To  reduce  Figures  by  means  of  Squares. 

This  way  particularly  ferves  to  copy,  augment,  or  diminifh  a  Map. 

Let,  for  Example,  the  Map  A  B  C  D  be'propofed  to  be  reduced  to  a  lefler  one.  Firft,  di- 
vide it  into  Squares,  then  make  a  lefler  fimilar  Figure  abed,  which  likewife  divide  into  the 
fame  Number  of  Squares  as  you  did  A  B  C  D.  This  being  done,  draw  in  every  Square  of 
the  lefler  Figure,  what  is  contained  in  the  correfpondent  Square  of  the  greater  Figure,  and 
there  will  be  a  lefler  Map.  Note,  The  greater  the  Number  of  Squares  are,  the  jufter  will  the 
Figure  be. 

CHAP.     II. 

Of  the  Construction  and  Vfe  of  the  Square. 

Square  is  an  Inftrument  ferving  to  raife  Perpendiculars,  and  to  know  whether  one  Line 
*%l  be  perpendicular  to  another.  It  is  made  of  two  Rulers  of  Brafs,  or  other  Metal,  joined 
Fig.  D.  in  fuch  manner  as  to  make  a  right  Angle  with  each  other.  There  are  fome  Squares,  whofe 
two  Rulers,  or  Branches,  are  firmly  fixed  ;  and  others  that  open  and  fhut  by  help  of  a  Joint, 
that  ought  to  be  well  fitted  to  hinder  the  Square  from  fhaking  ;  and  that  it  may  preferve  its 
right  Angle.  To  do  which,  there  is  adjufled  in  a  fmall  Gutter  made  at  the  Angle  (which  is 
45  Degrees)  of  one  of  the  Branches  of  the  Square,  three  Knuckles  proportionable  in  Length 
and  Breadth,  to  the  Length  and  Breadth  of  the  Square.  Thefe  Knuckles  ought  to  be  fo  far 
diftant  from  each  other,  that  they  may  exactly  receive  between  them  two  other  Knuckles, 
which  are  adjufled  to  the  other  Branch  of  the  Square.  The  Knuckles  being  thus  placed, 
are  foldered  to  the  Branches,  and  afterwards  are  united  to  one  another  by  means  of  a  Pin, 
which  muft  exactly  fill  the  Cavity  of  the  Knuckles,  that  thereby  the  Motion  of  the  Branches 
may  be  fleady. 

Note,  There  are  fome  Squares  to  which  a  Thread  and  Plummet  is  hung,  which  ferves  for 
levelling  ;  that  is,  to  make  horizontal  Plans  :  alfo  upon  one  of  the  Sides  of  the  Square  are 
fometimes  fundry  Lines  and  Scales  placed  ;  and  upon  the  other,  half  a  Foot  divided  into  6 
Inches,  every  one  of  which  is  fubdivided  into  1 2  Lines :  moreover,  there  are  fometimes  ad- 
ded to  it  other  Country  Meafures  compared  with  the  Paris  Foot. 

USE  I.  To  let  fall  from  a  given  Point,  a  Perpendicular  upon  a  given  Line. 
Let  the  Line  given  be  A  B,  and  C  the  given  Point  either  in  or  without  the  Line. 
F)g45-  Apply  one  of  the  Sides  of  the  Square  to  the  given  Line,  in  fuch  manner  that  the  other 

Side  touch  the  given  Point ;  then  draw  the  Line  C  D,  which  will  be  a  Perpendicular.  Note, 
It  the  Square  be  turned  about,  and  that  Side  which  before  was  apply'd  to  the  Line,  is  made 
to  pafs  thro  the  Point  C,  and,  as  before,  another  Line  be  drawn,  as  C  D :  by  this  means  you 
may  know  whether  the  Square  be  true.  For  when  it  is  true,  the  two  Lines  drawn  thro'  the 
Point  C,  will  make  but  one  Line. 

USE  II.    To  know  if  one  Line  be  perpendicular  to  another ;  that  is,  whether  they  make  right 

Angles  with  each  other. 

Apply  one  of  the  Sides  of  the  Square  to  one  of  the  Lines,  and  fee  if  the  other  Side  exactly 
agrees  with  the  other  Line.  All  this  is  fo  extreme  eafy,  there  needs  but  a  few  words  to 
explain  it. 


CHAP.     III. 
Of  the  Conftruclion  and  Vfes  of  the  ProtracJor. 

TH  E  Protra&or  is  a  Semi-Circle  divided  into  180  Degrees,  or  half  of  360,  which  every 
whole  Circle  is  fuppofed  to  be  divided  into,  as  was  faid  in  the  Definitions.  One  Side 
of  this  Inftrument  is  filed  flat,  for  better  applying  it  on  the  Paper;  and  the  other  Side  is 
doped ;  that  is,  made  thin  towards  the  Edge  whereon  the  Divisions  are  :  and  for  better  dif- 
covering  the  Points  wherein  Angles  terminate,  there  is  a  fmall  femicircular  Notch  made  in  the 
Center  of  the  Inftrument. 

How 
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Hoiv  to  divide  the  Limb  of  the  Protractor. 

Upon  the  Line  A  B,  and  about  the  Center  O,  defcribe  a  Semicircle  ;  then  carry  the  Ra- 
dius A  O  round  the  Circumference,  which  will  divide  the  Semicircle  into  three  equal  Parts, 
in  the  Points  C,  D,  each  of  which  is  Co  Degrees.  Again,  divide  the  Arc  B  C  into  two  equal 
Parts,  in  the  Point  E,  and  the  Arc  B  E,  will  be  30  Degrees  :  then  turning  this  Opening  of 
your  Compafles  round  the  Semicircle,  it  will  divide  it  into  fix  equal  Parts.  Moreover,  divide 
them  again  into  three  equal  Parts,  and  each  will  be  10  Degrees  ;  and  dividing  every  one  of 
thefe  10  Degrees  into  two  equal  Parts  more,  Arcs  of  5  Degrees  will  be  had.  And  laftly,  in 
fubdividing  each  of  thefe  Arcs  of  5  Degrees,  into  flue  equal  Parts,  Arcs  of  one  Degree  will 
be  had. 

In  the  fame  manner  may  a  whole  Circle  be  divided  into  360  Degrees,  which  we  fliall  fpeak 
of  hereafter. 

Note,  Protractors  are  fometimes  made  of  Horn,  which,  becaufe  they  are  tranfparent,  are 
commodious  enough  ;  but  they  ought  to  be  kept  in  a  Book  when  they  are  not  uling,  becaufe 
the  Horn  is  apt  to  wrinkle. 

U  S  E  I.    To  make  an  Angle  of  any  Number  of  Degrees. 

For  Example  ;  to  make  at  the  Point  A,  an  Angle  of  50  Degrees  on  the  Line  CAB,  lay  the 
Center  of  the  Protractor,  marked  by  a  femicircular  Cavity,  upon  the  Point  A,  fo  that  the 
Diameter  of  the  Semicircle  be  upon  the  Line  A  B  ;  then  make  a  Dot  over  againft  the  50th  Fig.M, 
Degree  of  the  Limb  of  the  Protractor,  and  thro  it  draw  a  Line  to  the  Point  A,  which  will 
make  an  Angle  of  50  Degrees  with  the  Line  A  B. 

USE  II.    The  Angle  BAD  being  given,  to  find  how  many  Degrees  it  contains. 

Lay  the  Center  of  the  Protractor  upon  the  Point  A,  and  its  Diameter  upon  the  Line  B  C ; 
then  fee  what  Degree  the  Line  A  B  cuts  the  Limb  of  the  Protractor  in,  which  will  be  the  Fi».  46. 
Angle  B  A  D  of  50  Degrees. 

USE  III.  To  infcribe  any  regular  Polygon  in  a  Circle. 

To  do  this,  you  muft  firft  know  how  many  Degrees  the  Angle  of  the  Center  of  each  of 
the  regular  Polygons  contains;  which  may  be  found  in  dividing  360  Degrees,  by  the  Num- 
ber of  Sides  of  a  propofed  Polygon:  as,  for  Example,  dividing  360  by  5,  the  Quotient  72, 
fheweth  that  the  Angle  of  the  Center  of  a  Pentagon  is  72  Degrees  :  again,  in  dividing  363 
by  8,  the  Quotient  45,  gives  the  Quantity  of  the  Angle  of  the  Center  of  an  Octagon,  and 
fo  for  others. 

In  knowing  the  Angle  of  the  Center,  the  Angle  formed  by  the  Sides  of  the  Polygon  may 
likewife  be  known,  in  fubftracting  the  Angle  of  the  Center  of  the  Polygon  from  180  Degrees; 
as  taking  72  Degrees,  the  Angle  of  the  Center  of  a  Pentagon  from  180  Degrees,  there  re- 
mains 108,  the  Angle  of  the  Polygon.  Moreover,  taking  from  180  Degrees,  the  Angle  of 
the  Center  of  an  Octagon,  which  is  45  Degrees,  there  remains  135  Degrees,  the  Angle  of  the 
Octagon. 

Therefore  to  infcribe  a  Pentagon  in  a  Circle,  lay  the  Center  of  the  Protractor  upon  the  Fi^.470 
Center  of  the  Circle,  and  apply  the  Diameter  of  the  Protractor,  to  the  Diameter  of  the 
Circle ;  then  make  a  Dot  againft  the  72^  Degree  of  the  Limb  of  the  Protractor ;  and  thro  this 
Dot,  and  the  Center  of  the  Circle,  draw  a  Line  cutting  the  Circu inference  of  the  Circle  in 
the  Point  C  Now  take  between  your  Compafles  the  Diftance  of  the  Points  B  and  C,  which 
will  divide  the  Circumference  of  the  Circle  into  5  equal  Parts,  and  drawing  5  right  Lines,  the 
Polygon  will  be  made. 

If  a  Heptagon  is  to  be  inferibed,  divide  360  Degrees  by  7,  and  the  Quotient  51-^d  fhew- 
eth, that  the  Angle  of  the  Center  is  almoft  5  i4a ;  therefore  having  placed  the  Protractor,  as 
before,  Note,  5 14-  Degrees  en  the  Limb  of  the  Protractor,  thro  which  draw  a  Line  from  the 
Center  of  the  Circle,  and  you  will  have  the  Side  of  the  Heptagon. 

Note,  Upon  fome  Protractors  are  placed  the  Numbers,  denoting  regular  Polygons,  to  avoid 
the  trouble  of  Divifion,  in  finding  the  Angles  at  the  Center  :  as  the  Number  5,  for  a  Penta- 
gon, is  fet  againft  72  Degrees  on  the  Limb  of  the  Protractor  ;  the  Number  6  for  a  Hexagon, 
is  fet  over-againft  do  Degrees,  the  Number  7  againft  5  i^a,  &c. 

USE  IV.  To  defcribe  any  regular  Polygon  upon  a  given  Line. 

Let  the  given  Line  be  C  D,  upon  which  it  is  required  to  defcribe  a  regular  Pentagon. 

We  have  fhewn  in  the  precedent  Ufe,  how  to  find  the  Angles  of  any  regular  Polygon  ;  and  fis.  48« 
fince  the  Angle  made  by  the  two  Sides  of  the  Polygon  is  108  Degrees,  54  Degrees  its  half 
will  be  the  Semi- Angle  of  the  Polygon  ;  by  means  of  which,  you  may  defcribe  it  in  the  fol- 
lowing manner : 

Apply  the  Diameter  of  the  Protractor  to  the  Line  C  D,  and  its  Center  to  the  End  D; 
then  make  a  Dot  againft  the  54th  Degree  of  the  Limb,  and  draw  the  Line  D  F,  making  an 
Angle  of  54d  with  the  Line  C  D.     Moreover,  remove  the  Center  of  the  Protractor  to  the 
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other  End  C,  and  there  likewife  make  an  Angle  of  54  Degrees,  in  drawing  the  Line  C  F  ,• 
then  about  the  Point  of  Concourfe  F,  defcribe  a  Circle  with  the  Diftance  C  F.  Laftly,  take 
the  Length  of  the  given  Line  C  D,  and  carry  it  round  the  Circumference  of  the  Circle,  and 
drawing  fix  right  Lines,  the  Pentagon  will  be  made. 

If  an  Octagon  is  to  be  defcribed  upon  a  given  right  Line,  take  half  the  Angle  of  the 
Polygon,  which  is  6j  f  Degrees,  and  make  an  Angle  of  the  like  Number  of  Degrees  upon 
each  End  of  the  given  Line,  by  which  an  Ifofceles  Triangle  will  be  formed,  whofe  Vertex 
will  be  the  Center  of  a  Circle,  which  will  be  divided  into  eight  equal  Parts,  by  carrying  the 
Compafles  round  it  with  the  Extent  of  the  given  Line. 

There  may  be  made  many  more  Operations  with  the  Inftruments  already  fpoken  of ;  but 
we  fhall  content  ourfelves  with  thofe  already  mentioned,  as  being  the  moft  common,  and  ufe- 
fulleft. 


S  &  &  ffi  •*.  &  &  §1  2£  ^  <-*   •£■ 


ADDITIONS   of  Englifli  Inftruments. 

Of  the  Confiruclion  and  Vfes  of  the  Carpenters  Joint-Rule,  the 
Four-foot  Gauging-Rod,  Everard's  Sliding-Rule,  Cogge [halts 
Sliding-Rule,  the  Plotting-Scale,  an  Improved  Protractor,  the 
Plain-Scale,    and  GunterV  Scale. 


CHAP.     I. 

Of  the  Construction  and  Vfes  of  the  Carpenter's  Joint-Rule,  toge- 
ther with  the  Line  of  Numbers  commonly  p laced  thereon, 

Plate  2.        J"~      "1  HIS  Rule  is  ufualiy  made  of  Box,   24  Tnches  long,  an   Inch  and  a  half,  or  an  Inch 
Fig.  1.  [        and  a  quarter  broad,  and  of  a  Thicknefs  at  pleafure  ;  one  Side  of  it  is  divided  in- 

-«L  to  24  equal  Indies,  according  to  the  Standard  at  Guildhall,  London,  and  every  one  ai 
thefe  24  Inches  are  divided  into  8  equal  Parts  ;  that  is,  into  hatfs,  quarters,  and  half-quar- 
ters :  The  half-inches  are  diftinguifhed  from  the  quarters,  and  the  quarters  from  the  half- 
quarters,  by  Strokes  of  different  Lengths,  and  at  every  whole  Inch  are  fet  Figures,  pro- 
ceeding from  1  to  24. 

On  the  fame  Side  of  this  Rule,  is  commonly  placed  (hatter's  Line  of  Numbers,  of  which 
more  hereafter. 
Fig.  2.  The  other  Side  of  the  Rule  hath  upon  it  the  Lines   of  Timber  and  Board-Meafure,  the 

Conftru&ion  of  which  is  as  follows  : 

The  Line  of  Timber-Meafure  begins  at  8  and  a  half ;  that  is,  when  the  Figures  of  the 
Timber-Line  ftand  upright  to  you,  it  begins  at  the  left  End  at  8  and  a  half,  and  proceeds  to 
3(5,  within  an  Inch,  and  -?-  of  an  Inch  of  the  other  End.  It  is  made  from  a  Confideration, 
that  1728  Inches  make  a  folid  Foot :  for  any  Divifion  ;  fuppofe  9,  which  fignifies  the  Side  of 
a  Square  is  fo  placed  againft  fome  one  of  the  Diviflons  of  Inches  or  Parts  on  the  other  Side, 
finning  from  the  right  Hand,  that  its  Square,  which  is  81  Inches,  multiplied  by  that 
Number  of  Inches  and  Parts,  muft  make  1728  Inches,  or  a  folid  Foot ;  which  in  dividing 
1728  by  81,  mull  be  placed  againft  21  ~  Inches  from  the  right  Hand.  In  like  manner  the 
Divifion  for  the  Number  10,  on  the  Line  of  Timber-Meafure,  muft  be  placed  againft  ijr'i-l 
Inches  on  the  other  Side  ;  becaufe  1728,  divided  by  the  Square  of  10,  which  is  100,  gives 
!7t4v,  and  in  like  manner  for  all  the  other  Divisions.  But  becaufe  a  Square,  whofe  Side 
is  either  1,  2,  &c.  to  8  Inches,  requires  more  than  24  Inches  in  Length  to  multiply  it  by, 
in  order  to  make  a  folid  Foot,  or  1728  Inches  ;  and  flnce  24  Inches  is  the  whole  Length  of 
the  Rule,  therefore  there  is  a  Table  put  upon  the  left  end  of  the  Rule,  fupplying  a  greater 
Length. 

The  upper  Row  of  Figures,  numbered  1,  2,  3,  4,  5,  6,7,  8,  are  Inches,  or  the  Lengths 
of  the  Sides  cf  Squares  ;  and  the  fecond  and  third  Rows  are  the  correfpondent  Feet  and  In- 
ches to  make  up  a  folid  Foot.  It  is  made  by  dividing  144  Inches  by  the  Squares  of  1,2,  7, 
4j  5>  6,  7,  8  ;  as  the  Square  of  1  Incli  is  1,  by  which  dividing  144,-  the  Quotient  will 
be  144  Feet  for  the  firft  Number  of  the  fecond  Row  of  Figures,  and  in  like  manner  for  the 
reft.  ^ 

On 
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On  or  next  the  other  Edge  of  the  Rule,  you  have  the  Line  of  Board-Meafure ;  and  when 
the  Figures  (land  upright,  you  fee  it  numbered  7,  8,  o,  &c  to  36.  which  is  juft  4  Inches 
from  the  right  Hand.  It  is  thus  divided;  fuppofe  the  Divifion  7  is  to  be  marked,  divide 
144,  which  is  the  Number  of  Inches  in  a  fquare  Foot,  by  7,  and  the  Quotient  will  be  20*  In- 
ches ;  whence  the  Divifion  7  muft  be  againft  20*  Inches  on  the  other  Side  of  the  Rule.  A- 
gain,  to  mark  the  Divifion  8,  divide  144  by  8,  and  the  Quotient,  which  is  18  Inches,  muft 
be  placed  on  the  Line  of  Board-Meafure  againft  18  Inches  on  the  other  Side  :  proceed  thus 
for  the  other  Divifions  of  the  faid  Line.  But  becaufe  the  Side  of  a  long  Square,  that  is  ei- 
ther 1,  2,  3,  4,  5  Inches,  requires  the  other  Side  to  be  more  than  24  Inches,  which  is  the 
whole  Length  of  the  Rule  ;  therefore  there  is  a  Table  placed  at  the  other  end  of  the  Rule, 
made  in  dividing  144  Inches  by  each  of  the  Numbers  in  the  upper  Row,  and  then  each  of 
the  Quotients  by  1 2,  to  bring  them  into  Feet. 

U  S  E  of  the  Carpenter's  'Joint-Rule. 

The  Inches  on  this  Rule  are  to  meafure  the  Length  or  Breadth  of  any  given  Superficies  or 
Solid,  and  the  manner  of  doing  it  is  fuperfluous  to  mention,  it  being  not  only  eafy,  but  even 
natural  to  any  Man  ;  for  holding  the  Rule  in  the  left  Hand,  and  applying  it  to  the  Board,  or 
any  thing  to  be  meafured,  you  have  your  Defire.  But  now  for  the  Ufe  of  the  other  Side,  I 
fhall  fhew  in  two  or  three  Examples  in  each  Meafure,  that  is,  Superficial  and  Solid. 

Example  I.  "The  Breadth  of  any  Superficies ;  as  Board,  Glafs,  or  the  like,  being  given  :  to  find 

how  much  in  Length  makes  a  Square  Foot. 

To  do  which,  lo-.k  for  the  Number  of  Inches  your  Superficies  is  broad,  in  the  Line  of 
Board  Meafure,  and  keep  your  Finger  there  1  and  right  againft  it,  on  the  Inches  Side,  you 
have  the  Number  of  Inches  that  makes  up  a  Foot  of  Board,  Glafs,  or  any  other  Superficies. 
Suppofe  you  have  a  Piece  8  Inches  broad,  how  many  Inches  make  a  Foot  ?  Look  for  8  on 
the  Board  Meafure,  and  juft  againft  your  Finger  (being  fet  to  8)  on  the  Inch-Side,  you 
will  find  18,  and  fo  many  Inches  long,  at  that  Breadth,  goes  to  make  a  fuperficial  Foot. 

Again,  fuppofe  a  Superficies  is  18  Inches  broad,  then  you  will  find  that  8  Inches  in 
Length  will  make  a  fuperficial  Foot  ;  and  if  a  Superficies  is  36  Inches  broad,  then  4  Inches 
in  Length  makes  a  Foot. 

Or  you  may  do  it  more  eafy  thus  :  Take  your  Rule,  holding  it  in  your  left  Hand,  and 
apply  it  to  the  Breadth  of  the  Board  or  Glafs,  makind  the  End,  which  is  next  36,  even 
with  one  Edge  of  the  Board  or  Glafs,  and  the  other  Edge  of  the  Board  will  fliew  how  many 
Inches,  or  Quarters  of  an  Inch,  go  to  make  a  fquare  Foot  of  Board  or  Glafs.  This  is  but 
the  Converts  of  the  former,  and  needs  no  Example ;  for  laying  the  Rule  to  it,  and  looking  on 
the  Board-Meafure,  you  have  your  Defire. 

Or  elfe  you  may  do  it  thus,  in  all  narrow  Pieces  under  6  Inches  broad  ;  As  fuppofe  3  % 
Inches,  double  3  7,  it  makes  6  7  ;  then  twice  the  Length  from  6  7  to  the  End  of  the  Rule, 
will  make  a  fuperficial  Foot,  or  fo  much  in  Length  makes  a  Foot. 

Example  II.  A  Superficies  of  any  Length  or  Breadth  being  given,  to  find  the  Content. 

Having  found  the  Breadth,  and  how  much  makes  one  Foot,  turn  that  over  as  many  times 
as  you  ca  i  upon  the  Length  of  the  Superficies,  for  fo  many  Feet  are  in  that  Superficies  :  But 
if  it  is  a  great  Breadth,  you  may  turn  it  oyer  two  or  three  times,  and  then  take  that  toge- 
ther ;  and  fo  fay  2,  4,  6,  8,  10,  &c.  or  3,  6,  9,  12,  15,  18,  21,  till  you  come  to  the  End  of 
the  Superficies. 

The  USE  of  the  Table  at  the  End  of  the  Board-Meafure. 

If  a  Superficies  is  1  Inch  broad,  how  many  Inches  in  Length  muft  there  go  to  make  a 
fuperficial  Foot?  Look  in  the  upper  Row  of  Figures  for  1  Inch,  and  under  it,  in  the  fecond 
Row,  you  will  find  12  Feet  ;  which  fhews  that  12  Feet  in  Length,  and  1  Inch  in  Breadth, 
will  make  a  fuperficial  Foot. 

Again,  a  Superficies  5  Inches  broad,  will  be  found,  in  the  faid  Table,  to  have  2  Feet  and 
about  5  Inches  in  Length  to  make  a  fuperficial  Foot ;  and  a  Piece  8  Inches  broad,  will  have 
a  Length  of  1  Foot  6  Inches  to  make  a  fuperficial  Foot. 

USE  of  the  Line  of  Timber-Meafure. 
The  Ufe  of  this  Line  is  much  like  the  former  :  for  firft  you  muft  learn  how  much  your  Piece 
is  fquare,  and  then  look  for  the  fame  Number  on  the  Line  of  Timber-Meafure,  and  the  Space 
from  thence  to  the  End  of  the  Rule,  is  the  true  Length  at  that  Squareness  to  make  a  Foot  of 
Timber. 

Example.  There  is  a  Piece  that  is  9  Inches  fquare,  look  for  o  on  the  Line  of  Timber- 
•  Meafure,  and  then  the  Space  from  o,  to  the  End  of  the  Rule,  is  the  true  Length  to  make  a 
folid  Foot  of  Timber,  and  it  is  21  j  Inches. 

Again,  fuppofe  a  Piece  of  Timber  is  24  Inches'  fquare,  then  3  Inches  in  Length  will  make 
a  Foot,  for  you  will  find  three  Inches  on  the  other  Side  againft  24  :  But  if  it  is  fmall  Tim- 
ber, as  under  q  Inches  fquare,  vou  muft  feek  the  Square  in  the  upper  Rank  in  the  1  able, 

and 
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and  right  under  you  have  the  Feet  and  Inches  that  go  to  make  a  folid  Foot,  as  was  in  the 
Table  of  Board  Meafure  :  As  fuppofe  a  Piece  or"  Timber  is  7  Inches  fquare,  look  in  the 
Table  tor  7,  in  the  upper  Row  of  Numbers,  and  you  will  find  directly  under  2  Feet,  1 1  In- 
ches, which  is  the  Length  of  the  Piece- of  Timber  that  goes  to  make  a  folid  Foot :  But  if  a 
Piece  be  not  exactly  fquare,  viz,,  is  broader  at  one  Side  than  the  other,  then  the  ufual  way 
is  to  add  them  both  togetner,  and  take  half  the  Sum  tor  the  Side  ot  the  Square  ;  but  if  they 
differ  much,  this  way  is  very  erroneous:  for  that  half  is  always  too  great,  which  from 
hence  will  eafily  be  manifeft. 
Fig.  3.  Let  A  C  be  the  longeft  Side,  C  D  the  fhcrteft,  and  B  D,  or  A  B,  half  their  Sum,  which 

is  taken  for  the  Side  of  the  Square,  that  is,  tor  the  Side  of  a  Square  whofe  Area  is  equal  to 
the  Product  of  the  two  Sides  AC,  and  C  D,  into  one  another,  or  the  Rectangle  under  them : 
Now  with  the  DttanceB  D,  and  on  the  Center  B,  defcribe  a  Semicircle  ;  draw  the  Dia- 
meter E  B,  at  right  Angles,  to  A  D,  and  from  the  Point  C  raife  the  Perpendicular  F  C  ; 
then  it  is  manifeft,  per  Prop.  13.  lib.  6.  End.  that  F  C  is  a  mean  Proportional  between  the 
Sides  AC,  CD;  that  is,  F  C  is  the  true  Side  of  the  Square,  which,  per  Prop.  15.  lib.  3. 
End.  is  much  lefs  than  E  B,  or  its  Equal  A  B,   or  BD. 

The  ufual  way  likewife  for  round  Timber,  is  to  take  a  String,  and  girt  it  about,  and  the 
fourth  part  of  it  is  commonly  allowed  for  the  Side  of  the  Square,  that  is,  for  the  Side  of  a 
Square  equal  to  the  circular  Bafe,  and  then  you  deal  with  it  as  if  it  was  juft  Square.  But 
this  way  is  a'fo  erroneous  ;  for  by  this  Method  you  lofe  above  4  of  the  true  Solidity.  But 
for  maintaining  this  ill  Cuftom,  they  plead,  The  Overplus  Meafure  may  well  be  allowed,  be- 
caufe  the  Chips  cut  oif  are  of  little  Value,  and  will  not  near  countervail  the  Labour  of 
bringing  the  Timber  to  a  Square,  to  which  Form  it  muft  be  brought  before  it  uc  fit  1^  ufe. 

'the  Defer iption  of  Gunter'j  Line,  or  the  Line  of  Numbers. 

The  Line  cf  Numbers  is  only  the  Logarithms  transferred  on  a  Ruler  from  the  Tables, 
by  means  of  a  Scale  divided  into  a  great  Number  of  equal  Parts  ;  and  whereas  in  the  Loga- 
rithms, by  adding  or  fubftracting  them  from  one  another,  the  Quajita  is  produced  ;  fo  here, 
by  turning  a  Pair  of  Compafles  forwards  or  backwards,  according  to  due  Order  on  this 
Line,  the  Quajita  will  in  like  manner  be  produced.  The  Conftruction  of  this  Line  I  fhall 
ghe  in  fpeaking  of  Gumer's  Scale. 

As  to  the  Length  of  the  Line  of  Numbers,  the  longer  it  is,  the  better  it  is ;  whence  it 
hath  been  contrived  feveral  ways  :  As  firft  upon  a  Rule  of  two  Foot,  and  a  Rule  of  three 
Foot  long,  by  Guhter,  which  (as  I  fuppofe)  is  the  Reafon  why  it  is  called  Gumer's  Line  ; 
then  that  Line  was  doubled,  or  laid  fo  together,  that  you  might  work  either  right  on,  or 
crofs  from  one  to  another,  by  Mr.  IVindgate  ;  afterwards  projected  in  a  Circle,  by  Mr.  Ough- 
ired,  and  alfo  to  flide  one  by  another,  by  the  fame  Author  ;  and  laft  of  all  projected  into  a 
kind  of  Spiral,  of  5,  10,  or  20  Turns,  more  or  lefs,  by  Mr.  Brown,  the  Ufes  being  in  all 
of  them  in  a  manner  the  fame,  only  fome  with  Compafles,  as  Mr.  Gumer's  and  Mr.  Wind- 
gate's;  and  fome  with  flat  Compafles,  or  an  opening  Index,  as  Mv.Oughtred's  and  Mr.  Brown's ; 
and  fome  without  either,  as  the  Sliding-Rules. 

The  Order  ot  the  Divifions  on  this  Line  of  Numbers,  and  commonly  on  moft  others,  is 
thus  i  it  begins  with  1,  and  fo  proceeds  with  2,  3,  4,  5,  <5,  7,  8,  9  ;  and  then  1,  2,  3,  4,  5, 
6,  7,  8,9,  10,  whofe  Order  of  Numeration  is  thus  :  The  firft  1  lignifies  one  Tenth  of  any 
whole  Number  or  Integer,  and  confequently  the  next  2  is  two  Tenths  ;  3,  three  Tenths  ; 
and  all  the  fmall  intermediate  Divifions  are  100  Parts  of  an  Integer,   or  a  Tenth  of  one  of 


the  former  Tenths  ;   fo  that  1  in  the  middle  is  one  whole  Integer  ;  the  next  2,  two  Integers; 

;ers  :  Thus  the  Line  is  in  its  moft  proper  Acceptation,  or  natu- 
ral Divilion. 


and  10  at  the  end,   10  Integers 


But  if  you  are  to  deal  with  a  Number  greater  than  10,  then  1  at  the  beginning  muft  fignify 
1  Integer,  and  1  in  the  middle  10  Integers,  and  10  at  the  end  100  Integers.  But  if  you  would 
have  it  to  a  Figure  more,  then  the  firft  1  is  10,  the  fecond  100,  and  the  laft  10  a  1000.  If 
you  proceed  further,  then  the  firft  1  is  100,  the  middle  1  a  1000,  and  the  10  at  the  end 
10000,  which  is  as  great  a  Number  as  can  well  be  difcovered,  on  this  or  moft  ordinary  Lines 
of  Numbers  ;  and  fo  far,  with  convenient  Care,  you  may  refolve  a  Queftion  tolerably  exact. 

Numeration  on  the  Line  of  Numbers. 

Any  whole  Number  being  given  under  four  Figures,  to  find  the  Point  on  the  Line  of 
Numbers  that  reprefents  the  fame. 

Firft  look  for  the  firft  Figure  of  your  Number  amongft  the  long  Divifions  that  are  figured, 
and  that  leads  you  to  the  firft  Figure  of  your  Number  ;  then  for  the  fecond  Figure,  count 
fo  many  Tenths  from  that  long  Divifion  forwards,  as  that  fecond  Figure  amounts  to  ;  then 
for  the  third  Figure,  count  from  the  laft  Tenth  fo  many  Centefmes  as  the  third  Figure  con- 
tains ;  and  fo  for  the  fourth  Figure,  count,  from  the  laft  Centefme,  fo  many  Millions  as 
that  fourth  Figure  has  Units,  or  is  in  Value,  and  that  will  be  the  Point  where  the  Number  . 
propounded  is  on  the  Line  of  Numbers.    Two  or  three  Examples  will  make  this  manifeft. 

Firft, 'to  find  the  Point  upon  the  Line  of  Numbers  reprefenting   the  Number  12.     Now 
becaufe  the  firft  Figure  of  this  Number  is  i,  you  muft  take  the  1  in  the  middle  for  the  firft 

Figure ; 
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Figure  ;  then  the  next  Figure  being  2,  count  two  Tenths  from  that  i,  and  there  will  be 
theSroint  reprefe'nting  12. 

Secondly,  To  find  the  Point  reprefenting  144.  Firft,  as  before,  take  for  i  the  firft  Figure 
of  the  Number  144,  the  middle  Figure  1  ;  then  for  the  fecond  (viz,.  4.)  count  four  Tenths 
forwards  ;  laflly,  for  the  other  4,  count  four  Centefms  further,  and  that  is  the  Point  for  144. 

Thirdly,  To  find  the  Point  reprefenting  1728.  Firft,  as  before,  for  1000  take  the  middle 
1  on  the  Line.  Secondly,  for  7  reckon  feven  Tenths  forwards,  and  that  is  700.  Thirdly, 
for  2,  reckon  two  Centefms,  from  that  7th  Tenth,  for  20.  And,  Laftly,  for  8  you  muft 
reafonably  eftimate  that  following  Centefm  to  be  divided  into  10  Parts  (if  it  be  not  ex- 
prelfed,  which  in  Lines  of  ordinary  Length  cannot  be  done)  and  8  of  that  fuppofed  10  Parts 
is  the  precife  Point  for  1728,  the  Number  propounded  to  be  found  ;  and  the  like  of  any  other 
Number. 

But  if  you  was  to  find  a  Fraction,  you  muft  confider,  that  properly,  or  abfoltitely,  the 
Line  only  expreffes  Decimal  Fractions  ;  as  thus,  t't,  or  T~,  or  T-r^r,  and  more  near  the 
Rule  in  common  Acceptation  cannot  exprefs ;  as  one  Inch,  one  Tenth,  one  Hundredth,  or  one 
Thoufandth  Part  of  an  Inch,  it  being  capable  to  be  applied  to  any  thing  in  a  decimal  way  • 
(But  if  you  would  ufe  other  Fractions,  as  Quartets,  Half-Quarters,  &c.  you  muft  reafonably 
read  them,  orelfe  reduce  them  into  Decimals.) 

\fbe  fundamental  Ufes  of  the  Line  of  Numbers. 

USE  I.  "Tiuo  Numbers  being  given,  to  find  a  third  Geometrically  proportional  to  them,  and  to 

three  a  fourth,  and  to  four  a  fifth,  &c. 

Extend  your  Compaffes  upon  the  Line  of  Numbers,  from  one  Number  to  another  ;  which 
done,  if  that  Extent  is  applied  (upwards  or  downwards,  as  you  would  either  increafe  or  di- 
minifh  the  Number)  from  either  of  the  Numbers,  the  moveable  Point  will  fail  upon  the 
third  proportional  Number  required.  Alfo  the  fame  Extent,  applied  the  fame  way  from 
the  third,  will  give  you  a  fourth,  and  from  the  fourth  a  fifth,  &c.  For  Example,  let  the 
Numbers  2  and  4  be  propofed,  to  find  a  third  Proportional,  &c.  to  them  :  Extend  the  Com- 
paffes upon  the  firft  Part  of  the  Line  of  Numbers,  from  2  to  4  ;  which  done,  if  the  fame 
Extent  is  applied  upwards  from  4,  the  moveable  Point  will  fall  upon  8,  the  third  Proportio- 
nal required  ;  and  then  from  8  it  will  reach  to  16,  the  fourth  Proportional  ;  and  from  16  to 
32  the  fifth,  &c.  Contrariwife,  if  you  would  diminifh,  as  from  4  to  2,  the  moveable  Point 
will  fall  on  1,  and  from  1  to  A,  or  .5,  and  from  .5  to  .25,  &c.  as  is  manifeft  from  the  Na- 
ture of  the  Logarithms,  and  Prop.  20.  lib.  7.  Eucl. 

But  generally  in  this,  and  moft  other  Work,  make  ufe  of  the  fmall  Divifions  in  the  middle 
of  the  Line,  that  you  may  the  better  eftimate  the  Fractions  of  the  Numbers  you  make  ufe 
of ;  for  how  much  you  mifs  in  fetting  the  Compaffes  to  the  firft  and  fecond  Term,  fo  much 
the  more  you  will  err  in  the  fourth  ;  therefore  the  middle  Part  will  be  moft  ufeful  :  As  for 
Example,  as  8  to  11,  fois  12  to  16.50,  if  you  imagine  one  Integer  to  be  divided  but  in- 
to 10  Parts,  as  they  are  on  the  Line  on  a  two- foot  Rule. 

USE  II.  One  Number  being  given  to  be  multiplied  by  another  given  Number,  to  find  the  Product. 

Extend  your  Compaffes  from  1  to  the  Multiplicator,  and  the  fame  Extent,  applied  the 
fame  way  from  the  Multiplicand,  will  caufe  the  moveable  Point  to  fall  upon  the  Product  ;  as 
is  manifeft  from  the  Nature  of  the  Logarithms,  and  Defin.  15.  lib.  7.  Eucl. 

Example.  Let  6  be  given  to  be  multiplied  by  5  ;  extend  your  Compaffes  from  1  to  5,  and 
the  fame  Extent  will  reach  from  6  to  20,  the  Product  fought.  Again,  fuppofe  125  is  to  be 
multiplied  by  144  ;  extend  your  Compaffes  from  1  to  125,  and  the  moveable  Point  will  fall 
from  144  on  18000  the  Produft. 

USE  III.  One  Number  being  given  to  be  divided  by  another,  to  find  the  Quotient. 

Extend  your  Compaffes  from  the  Divifor  to  1,  and  the  fame  Extent  will  reach  from  the 
Dividend  to  the  Quotient  ;  or,  extend  the  Compaffes  from  the  Divifor  to  the  Dividend,  the 
fame  Extent  will  reach  the  fame  way  from  1  to  the  Quotient,  as  is  manifeft  from  the  Nature 
of  the  Logarithms,  and  this  Property,  that  as  the  Divifor  is  to  Unity,  fo  is  the  Dividend  to 
the  Quotient. 

Example.  Let  750  be  a  Number  given,  to  be  divided  by  25,  (the  Divifor)  extend  your 
Compaffes  downwards  from  25  to  1  ;  then  applying  that  Extent  the  fame  way  from  750,  and 
the  other  Point  of  the  Compaffes  will  fall  upon  30,  the  Quotient  fought.  Again,  let  1728 
be  given  to  be  divided  by  12  ;  extend  your  Compaffes  from  12  to  1,  and  the  fame  Extent  will 
reach  the  fame  way  from  1728  to  144. 

If  the  Number  is  a  Decimal  Fraction,  then  you  muft  work  as  if  it  was  an  abfolute  whole 
Number;  but  if  it  is  a  whole  Number  joined  to  a  decimal  Fraction,  it  is  worked  here  as 
properly  as  a  whole  Number  :  As  fuppofe  1 1 1  4  is  to  be  divided  by  i-728,  extend  your  Com- 
paffes from  1.728  to  1,  the  fame  Extent,  applied  from  11 14,  will  reach  to  64.5.  So  again, 
56.4  being  to  be  divided  by  8.75,   and  the  Quotient  will  be  found  to  be  6.45. 

Now  to  know  of  how  many  Figures  any  Quotient  ought  to  coniift,  it'  is  neceffary  to  write 
down  the  Dividend,  and  the  Divifor  under  it,  and  fee  how  often  it  may  be  written  under 
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it  j  for  fo  many  Figures  mud  there  be  in  the  Quotient  :  As  in  dividing  this  Number  1223 1 
by  27,  according  to  the  Rules  of  Divifion,  27  may  be  Written  3  times  under  the  Dividend; 
therefore  there  muft  be  3  Figures  in  the  Quotient :  for  if  you  extend  the  CompafTes  from  27 
to  1,  it  will  reach  from  1223  1  to  453,  the  Quotient  fought. 

Note,  That  in  this  Ufe,  or  any  other,  it  is  beft  to  order  it  fo,  that  your  CompafTes  may 
be  at  the  clofeft  Extent ;  for  you  may  take  a  clofe  Extent  more  eafy  and  exact  than  a  large 
Extent,  as  by  Experience  you  will  find. 

USE  IV.     Three  Numbers  being  given,  to  find  a  fourth  in  a  direct  Proportion. 

Extend  your  Compares  from  the  firft  Number  to  the  fecond  ;  that  done,  the  fame  Extent 
apply'd  the  fame  way  from  the  third,  will  reach  to  the  fourth  Proportional  fought,  as  is 
manifeft  from  the  Nature  of  the  Logarithms,  and  Prop.  19.  lib.  7.  Eucl.  from  whence  it  may 
be  gathered,  that  the  third  Number  multiply'd  by  the  fecond,  divided  by  the  firft,  will  give 
the  fourth  fought. 

Example.  If  7  give  22,  what  will  14  give?  Extend  your  CompafTes  upwards  from  7  to 
14,  and  that  Extent  apply'd  the  fame  way,  will  reach  from  22  to  44,  the  fourth  Propor- 
tional required.  Again,  if  38  gives  76,  what  will  96  give  ?  Extend  your  CompafTes  from 
38  to  96,  and  the  fame  Extent  will  reach  from  j6  to  192,  the  fourth  Proportional  fought. 

U  S  E  V.     Three  Numbers  being  given,  to  find  a  fourth  in  an  Inverfe  Proportion. 

Extend  your  CompafTes  from  the  firft  of  the  given  Numbers  to  the  fecond  of  the  fame 
Denomination  ;  if  that  Diflance  be  apply'd  from  the  third  Number  backwards,  it  will  reach 
to  the  fourth  Number  fought. 

Example.  If  60  give  5,  what  will  30  give  ?  Extend  your  CompafTes  from  60  to  30,  and 
that  Extent  apply'd  the  contrary  way  from  5,  will  give  2.5  the  Anfwer.  Again,  If  60  give 
48,  what  will  40  give  ?  Extend  your  CompafTes  from  do  to  40  ;  that  Extent  apply'd  the 
contrary  way  from  48,  will  reach  to  32,  the  fourth  Number  fought. 

USE  VI.    Three  Numbers  being  given,  to  find  a  fourth  in  a  duplicate  Proportion. 

This  Ufe  concerns  Queftions  of  Proportions  between  Lines  and  Superficies  ;  now  if  the 
Denominations  of  the  firft  and  fecond  Terms  are  Lines,  then  extend  your  CompafTes  from  the 
firft  Term  to  the  fecond  (of  the  fame  kind  of  Denomination  :)  this  done,  that  Extent  ap- 
ply'd twice  the  fame  way  from  the  third  Term,  and  the  moveable  Point  will  fall  upon  the 
fourth  Term  required,  which  is  manifeft  from  the  nature  of  the  Logarithms,  and  from  hence, 
•viz,.  Becaufe  the  fourth  Number  to  be  found  is  only  a  fourth  Proportional  to  the  Square  of 
the  firft,  the  Square  of  the  fecond,  and  the  third,  it  is  plain  that  the  third,  multiply  'd  by 
the  Square  of  the  fecond,  divided  by  tj^  third,  will  be  the  fourth  Number  fought. 

Example.  If  the  Area  of  a  Circle,  wMfe  Diameter  is  14,  be  154,  what  will  toe  C  ntent 
of  a  Circle  be,  whofe  Diameter  is  28  ?  Here  14  and  28  having  the  fame  Denomination,  viz,, 
both  Lines,  extend  the  CompafTes  from  14  to  28,  then  applying  that  Extent  the  fame  way 
from  154  twice,  the  moveable  Point  will  fall  upon  616,  the  fourth  Proportional  or  Area 
fought :  Becaufe  Circles  are  to  each  other  as  the  Squares  of  their  Diameters,  per  Prop.  2. 
lib.  1 2.  Eucl. 

USE  VII.   Three  Numbers  being  given,  to  find  a  fourth  in  a  triplicate  Proportion. 

This  Ufe  is  to  find  the  Proportion  between  the  Powers  of  Lines  and  Solids ;  that  is,  two 
Lines  being  given  and  a  Solid,  to  find  a  fourth  Solid,  that  has  the  fame  Proportion  to  the 
given  Solid,  as  the  given  Lines  have  to  one  another.  Therefore  extend  the  CompafTes  Trom 
the  firft  Line  to  the  fecond,  and  that  Extent,  apply'd  three  times  from  the  given  Solid  or 
third  Number,  will  give  the  fourth  fought :  Becaufe  the  third  multiply'd  by  the  Cube  of 
the  fecond,  divided  by  the  Cube  of  the  firft,  will  give  the  fourth. 

Example.  If  an  Iron  Bullet,  whofe  Diameter  is  4  Inches,  weighs  9  Pounds,  what  will  an- 
other Iron  Bullet  weigh,  whofe  Diameter  is  8  Inches  ?  Extend  your  Compafles  from  4  to  8, 
that  Extent  apply'd  the  fame  way  three  times  from  9,  will  give  72,  the  Weight  of  the  Bullet 
fought.  Becaufe  the  Weight  of  homogeneal  Bodies  are  as  their  Magnitudes,  and  Spheres 
are  to  one  another  as  the  Cubes  of  their  Diameters,  per  Prop.  16.  lib.  12.  Eucl. 

USE  VIII.     To.  find  a  mean  Proportional  between  two  given  Numbers. 

Bifeft  theDiftance  between  the  given  Numbers,  which  Point  of  Bifeclion  will  fall  on  the 
mean  Proportional  fought :  Becaufe  the  fquare  Root  of  the  Quotient  of  the  two  Extremes 
divided  by  one  another,  multiply'd  by  the  lefTer,  is  equal  to  the  Mean. 

Example.  The  Extremes  being  8  and  32,  the  middle  Point  between  them  will  be  fc-nd 
to  be  16. 

USE  IX.     To  find  two  mean  Proportionals  between  two  given  Lines. 
Trifeft  the  Space  between  the  two  given  Extremes,  and  the  two  Points  of  Trifection  will 
give  the  two  Means.     Becaufe  the  Cube  Root  of  the  Quotient  of  the  Extremes  divided  by 
one  another,  multiply'd  by  the  lefTer  Extreme,  will  give  the  firft  of  the  Mean  Proportionals 
fought,  and  that  firft  Mean  raaoltiply'd  by  the  afore&i-d  Cube  Root,  will  give  the  fecond. 

Example. 


Chap. 2.      of  the  Four- Foot  Gauging-Rod. 

Example.  Let  8  and  27  be  the  two  given  Extremes,  the  two  Means  will  be  found  to  be  12 
and  18,  which  are  the  two  Means  fought. 

U  S  E  X.  To  find  the  Square  Root  of  any  Number  under  loooooo. 
The  Square  Root  of  any  Number  is  always  a  mean  Proportional  between  1,  and  the 
Number  whofe  Root  you  would  find  ;  but  yet  with  this  general  Caution,  viz,.  If  the  Figures 
of  the  Nurtiber  are  even,  that  is,  2,  4,  <5,  8,  10,  &c  then  you  muft  look  for  the  Unit  at  the 
Beginning  of  the  Line,  and  the  Number  in  the  fecond  Part  or  Radius,  and  the  Root  in  the 
firft  Part ;  or  rather  reckon  10  at  the  end  to  be  Unity,  and  then  both  Root  and  Square  will 
Fall  backwards  towards  the  middle  in  the  fecond  Length  or  Part  of  the  Line  :  But  if  they  be 
odd,  then  the  middle  1  will  be  moft  convenient  to  be  counted  Unity,  and  both  Root  and 
Square  will  be  found  from  thence  forwards  towards  10  ;  fo  that  according  to  this  Rule,  the 
Square  Root  of  9  will  be  found  to  be  3,  the  Square  Root  ef  64  will  be  found  to  be  8,  the 
Square  Root  of  144  to  be  12,  &c. 

USE  XL     To  find  the  Cube  Root  of  any  Number  under  iooooooooo. 

The  Cube  Root  is  always  the  firft  of  two  mean  Proportionals  between  1  and  the  Number 
given,  and  therefore  to  be  found  by  trifeding  the  Space  between  them  ;  whence  the  Cube 
Root  of  1728  will  be  found  12,  the  Root  of  17280  is  near  26,  the  Root  of  172800  is  al- 
moft  $6.  Although  the  Point  on  the  Line  reprefenting  all  the  fquare  Numbers  is  in  one 
place,  yet  by  altering  the  Unit,  it  produceth  various  Points  and  Numbers  for  their  refpeftive 
proper  Roots.  The  Rule  to  find  this,  is  in  this  manner  :  Ycu  muft  fet  Dots  (or  fuppofe 
them  to  be  fet)  over  the  firft  Figure  to  the  Left-hand,  the  fourth  Figure,  the  feventh,  and 
the  tenth  ;  now  if  by  this  means  the  laft  Dot  to  the  Left-hand  falls  on  the  laft  Figure,  as  it 
doth  in  1728,  then  the  Unit  muft  be  placed  at  1  in  the  middle  of  the  Line,  and  the  Root, 
the  Square,  and  Cube,  will  all  fall  forwards,  towards  the  end  of  the  Line. 

But  if  it  falls  on  the  laft  but  1,  as  it  doth  in  17280,  then  the  Unit  may  be  placed  at  1 
in  the  beginning  of  the  Line,  and  the  Cube  in  the  fecond  Length  ;  or  elfe  the  Unit  may  be 
placed  at  10  in  the  end  of  the  Line,  and  the  Cube  in  the  firft  part  of  the  Line.  But  if  the  laft 
Dot  falls  under  the  laft  Figure  but  two,  as  in  172800,  the  Unit  muft  always  be  placed  at 
io  in  the  end  of  the  Line,  and  then  the  Root,  the  Square,  and  Cube,  will  all  fall  back- 
wards, and  be  found  in  the  fecond  part,  between  the  middle  1,  and  the  End  of  the  Line.  By 
thefe  Rules  it  appears,  that  the  Cube  Root  of  8  is  2,  the  Cube  Root  of  27  is  3,  the  Cube 
Root  of  64  is  4,  of  125  is  5,  of  216  is  6,  of  345  is  7,  of  5 12  is  8,  of  729  is  9,  of  1000 
is  10,  &c.  . 
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CHAP.     II. 

Of  the  Conflruttion  and  Vfe  of  the  Four-Foot  Gauging-Rod. 

THIS  Rod,  whofe  Ufe  is  to  find  the  Quantities  of  Liquors  contained  in  any  kinds  of 
Veflels,  is  ufually  made  of  Box-Wood,  and  confifts  of  four  Rules,  each  a  Foot  long, 
and  about  4  of  an  Inch  fquare,  joined  together  by  three  Brafs  Joints ;  by  which  means  the 
Rod  is  rendred  four  Foot  long,  when  the  four  Rules  are  quite  opened,  and  but  one  Foot 
when  they  are  folded  together. 

On  the  firft  Face  of  this  Rod  are  placed  two  Diagonal  Lines,  one  for  Beer,  and  the  other  Fig*  4« 
for  Wine  ;   by  means  of  which  the  Content  of  any  common  Veifel  in  Beer  or  Wine  Gallons 
may  be  readily  found,  in  putting  the  Rod  in  at  the  Bung-hole  of  the  Veflel  until'  it  meets 
the  Interfeftion  of  the  Head  of  the  Veflel  with  the  oppoike  Staves  to  the  Bung-hole.     For 
diftin&ion  of  this  Line,  there  is  writ  thereon  Beer  and  Wine  Gallons. 

On  the  fecond  Face  of  this  Rod,  are,  a  Line  of  Inches,  and  the  Gauge  Line,  which  is  a  Fig»  5« 
Line  exprefling  the  Area's  of  Circles,  whofe  Diameters  are  the  correfpondent  Inches  in  Ale 
Gallons.     At  the  beginning  of  it  is  writ,  Ale  Area. 

On  the  third  Face  are  three  Scales  of  Lines  ;  the  firft,  at  the  end  of  which  is  writ  Hogf-  Fig.  6, 
bead,  is  for  finding  how  many  Gallons  there  is  in  a  Hogfliead,  when  it  is  not  full,  lying  with 
its  Axis  parallel  to  the  Horizon.  The  fecond  Line,  at  the  end  of  which  is  writ  B.  L.  figni- 
fying  a  Butt  lying,  is  for  the  fame  Ufe  as  that  for  the  Hogfliead.  The  third  Line  is  to  find 
how  much  Liquor  is  wanting  to  fill  up  a  Butt  when  it  is  {landing.  At  the  end  or  it  is  writ 
B.  S.  fignifying  a  Butt  ftanding. 

Half  way  the  fourth  Face  of  the  Gauging-Rod  are  three  Scales  of  Lines,    to  find  the  FlS*  1' 
Wants  in  a  Firkin,  Kilderkin,  and  Barrel,  lying  with  their  Axes  parallel  to  the  Horizon. 
They  are  diftinguifh'd  by  the  Letters  F.  K.  B.  fignifying  a  Firkin,  Kilderkin,  and  Barrel. 

Ccnftruttion 
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ConftruBion  of  the  two  Diagonal  Lines. 

Thefe  two  Diagonal  Lines  are  put  upon  this  Gauging-Rod,   in  the  fame  manner  that  our 
Author,  in  the  laft  Ufe  of  the  Line   of  Solids  in  the    fecond  Book   directs,    for    putting  on 
the  Diagonals  on  his  Gauging-Rod,  viz,,  by  taking  the  Diagonal  of  fome  Veflel   that  is  fimi- 
lar,  or  nighly  fimilar  to  the  VefTels,    whofe  Contents  in  Beer,    or  Wine  Gallons,  are  after- 
wards, by  means  of  them,  to  be  found;  and  then  knowing  how   many  Gallons  in  Beer  and 
Wine  the  aforefaid  Veflel  contains,    which  Gallons  muft  be  fet  againft  the  Inches,  or  Parts  of 
Inches,  of  their  Diagonals  Length,   on  the  Diagonal-Face  of  the  Gauging-Rod.     Now   to 
find  how  many  Inches,  or  Parts,  the  Diagonal  of  any  other  fimilar  Veflel  muft   be,    when  its 
Content  in  Beer  and  Wine  Gallons  is  given  ;    you  muft  fay,  As  the  Content  of  the  firft  Vef- 
fel,  which  is  known,  is  to  the  Cube  of  the  Length  of  its  Diagonal ;  fo  is  the  Content  of  that 
other  fimilar  Veflel,  in  Beer  or  Wine-Gallons,    to  the  Cube  of  the  Length  of  its  Diagonal : 
the  Cube-Root  of  which  extracted,   will  give  the  Length  of  the  Diagonal  fought.     As  for 
Example,    fuppofe  a  little  Veflel  fimilar,  or  nighly  fimilar  to  Englif/y  Veflels  of  a  ufual  Form, 
contains  i  Beer  Gallon,    or  about  i  \  Wine  Gallon,  and  the  Diagonal  is  found  to  be  7.75 
Inches  ;  what  will  be  the  Diagonal  of  a   fimilar  Veflel,  containing   2  Beer  Gallons,    or  2.8 
Wine  Gallons  ?  Say,  as  1  Gallon  is  to  the  Cube  of  7.75,  which  is  455.48437,  fo  is  2  Gal- 
lons to  the  Cube  of  the  Diagonal  fought,   93 0.96875,  whofe  Root  will    be  p. 72  Inches,   and 
fo  much  will  be   the  Length  of  the  Diagonal  :  therefore  fet  2    Beer  Gallons  on  the  Diagonal 
Face  of  the  Rod,  againft  p. 72  Inches.     In  this  manner  may  the  Diagonal  Face  of  the  Rod  be 
divided  from  1  Beer  Gallon  to  240,  and  from  1  Wine  Gallon  to  300,  and  fubdivided  in  half 
Gallons,   as  on  the  Rod. 

ConftruBion  of  the  Gauge-Line  on  the  fecond  Face  of  the  Rod. 

On  this  Line  is  fet  the  Gallons,   and   hundred  Parts  of  Gallons,    that  any  Cylinder,  an 
Inch  deep,  and  any  Inches  and  Parts,  from  1  to  46  in  Diameter,  contains  of  Ale.     As  for  Ex- 
ample ;  againft  1. 9  Inches  ftands  .01  of  a  Gallon,  denoted  by  a  Dot;    againft   2.63  Inches 
ftands  .02  of  a  Gallon.     The  Tenths  of  the  Gallons  are  denoted  by  the  Figures  1,  2,  3,  4, 
&c.  as.  1  of  a  Gallon  is  fet  againft  5.06  Inches;  .2  againft  8.44  Inches,  and  1  Gallon  againft 
18.05  Inches,  as  per  Figure.     The  Conftruction  of  this  Line   is  thus  :  Becaufe  282  fohd  In- 
ches make  an  Ale  Gallon,  therefore  the  Diameter  of  a  Cylinder,  one  Inch  deep,  whofe  Con- 
tent is  an  Ale  Gallon,  or  282  folid  Inches,  will  be  18.95  Inches  ;   whence  againft   18.95  In- 
ches, on  the  fame  Face  of  the  Gauging-Rod,  fet,  on  the  Line  drawn  to  contain  the  Divifions 
of  the  Gauge-Line,  1  Gallon.     Now  to  find  the  Diameter  of  a  Cylinder  one  Inch  deep,  that 
fhall  contain  the  .01  Part  of  a  Gallon,  fay,  As  1  Gallon  is  to  the  .01  Part  of  a  Gallon,    fo  is 
is  the  Square   of  18.95  Inches,  which  is  359,  to  the  Square  of  the  Diameter  of  the  Cylin- 
der, containing  the  hundredth  Part  of  a  Gallon,    which    will  be    found  by  extracting  the 
fquare  Root  of  that  Quantity  1.9  Inch:  therefore   fet  the  firft  Dot  againft  1.9  of  an  Inch. 
Again,  to  find  againft  what  Inches,  or  Parts,  .02  of  a  Gallon  muft  be  placed,  fay,  As  1  is  to 
.02,  fo  is  359  to  the  Square  of  the  Number  oflnclres,  or  Parts,    whofe  Root  extracted  will 
give  2.63  Inches  ;  againft  which  make  a  fecond  Dot  for  .02  of  a  Gallon.     In  this  manner  pro- 
ceed for  all  the  other  Divifions  on  the  Gauge-Line,  always  making  1  and  359  the  two  firft 
Terms  of  the  Proportion,   and  the  Gallons  or  Parts  the  third  ;    fo  fhall   the   fourth  be  the 
Square  of  the  Inches,  or  Parts,  that  the  Gallons,  or  Parts   exprefled  in  the  third  Term    are 
to  be  fet  againft.     The  Reafon  of  the  aforefaid  Proportion  is,  that  Cylinders,  of  equal   Alti- 
tudes, are  to  each  other  as  their  Bales,  and  Circles  as  the  Squares  of  their  Diameters. 

ConftruBion  of  the  Scales  on  the  third  and  fourth  Faces. 

The  firft  Scale  of  Lines  on  the  third  Face,  which  ferves  for  finding  the  Gallons  wanting 
in  a  Hogfhead  pofited  with  its  Axis  parallel  to  the  Horizon,  or  lying  down,  contains  the 
Divifions  from  1  Gallon  to  54  Gallons,  which  is  the  Number  of  Ale-Gallons  a  Hogfhead 
contains  when  lull. 

The  fecond  Scale  of  Lines,  on  the  fame  Face,  containing  the  Divifions  from  1  Gallon  to 
108  Gallons,  which  are  the  Number  of  Ale-Gallons  contained  in  a  Butt,  is  for  the  fame  Vie 
as  the  firft  Scale  of  Lines  when  the  Butt  is  lying. 

The  third  Scale,  likewife  numbered  from  1  Gallon  to  108,  is  for  finding  how  many  Gal- 
lons is  wanting  in  a  Butt  ftanding  upright. 

The  three  Scales  of  Lines,  on  part  of  the  fourth  Face,  are,  as  I  have  already  faid,  for 
finding  the  Wants  in  a  Firkin,  Kilderkin,  and  Barrel  lying  down,  in  Ale-Gallons.  The  rea- 
dier!: way  to  make  the  Divifions  of  either  of  thefe  Scales  of  Lines  for  their  correfpondent  Vef- 
fels,  when  lying  down,  as  for  a  Hogfhead,  is  to  pour  in  firft  one  Gallon  of  Water,  and  then 
put  the  Rod  downright  into  the  Bung-hole  to  the  oppofite  Staves  ;  then  where  the  Surface 
of  the  Water  cuts  the  third  Face  of  the  Rod  (becaufe  the  Scale  of  Lines  for  the  Hogfhead 
is  on  that  Face)  make  the  Divifion  tor  1  Gallon  ;  then  pour  in  another  Gallon,  and  where 
the  Surface  of  the  Water  cuts  the  Rod,  make  the  Divifion  for  2  Gallons.  Again,  pour  in 
another  Gallon,  and  where  the  Surface  of  the  Water  cuts  the  Rod,  make  the  Divifion  for 
three  Gallons.    Proceed  thus,  by  pouring  in  of  one  Gallon  fucceflively  after  another,  and  mak- 
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ing  of  Divifions  at  every  Place  in  the  Face  of  the  R~d,  to  which  the  Water  arifes,  until  the 
Hogfhead  be  full,  and  then  the  Scale  for  a  Hogfhead,  on  the  third  Face,  will  be  divided. 
Proceed,  in  the  fame  manner,  in  making  the  Divifions  for  the  other  Scales  of  Lines  ufed  in 
finding  the  Wants  in  the  feveral  Veffels  aforementioned  lying  down.  And  taking  off  the  Head 
of  a  Butt  that  is  Handing,  and  pouring  of  Water  in  the  fame  manner  as  in  the  Hogfhead, 
putting  the  Rod  downright  into  the  Butt,  and  making  Divifions  on  the  Rod,  as  was  done 
tor  the  Hogfhead,  the  Line  will  be  finiihed,   when  figured. 

Not£>  The  Dictions  for  Half-Gallons,  marked  by  long  Dots  on  the  fourth  Face,  are  made 
by  pouring  in  of  Half-Gallons  fucceffively,  &c. 

USE- ":of  the  Diagonal  Lines  on  the  Gauging-Rod, 
To  find  the  Content  of  a  Veffel  in  Beer  or  Wine-Gallons. 

Put  the  brafed.End  of  the  Gauging-Rod  into  the  Bung-hole  of  die  Cask,  with  the  Diago- 
nal Lines  upwards,-  and  thruft  the  brafed  End  to  the  meeting  of  the  Head  andScaves. 

Then  with  Chalk  make  a  Mark  on  the  middle  of  the  Bung-hole  of  the  Veifel,  and  alfo 
on  the  Diagonal  Lines  of  the  Rod,  right  againft,  or  over  one  another,  when  the  brafed  End 
is  thruil  home  to  the  Head  and  Staves. 

Then  turn  the  Gauging-Rod  to  the  other  End  of  the  Veifel,  and  thruft  the  brafed  End 
home  to  the  End  as  before. 

And' fee  if  the  Mark  made  on  the  Gauging-Rod  come  even  with  the  Mark  made  on  the 
Bung-Hole,  when  the  Rod  was  thruft  to  the  otr.er  End  ;  which  if  it  be,  the  Mark  made  on 
the  Diagonal  Lines,  will,  on  the  fame  Lines,  fhew  the  whole  Content  of  the  Cask  in  Beer  or 
Wine-Gallons. 

But  if  the  Mark  firft  made  on  the  Bung-hole  be  not  right  againft  that  made  on  the  Rod^ 
when  put  the  other  way  ;  then  right  againft  the  Mark  made  on  the  Bung-hole,  make  ano- 
ther on  the  Diagonal  Lines  :  then  the  Divifion  on  the  Diagonal  Line,  between  the  two 
Chalks,  will  fhew  the  Veffel's  whole  Content  in  Beer  or  Wine-Gallons.  As  for  Example  ;  if 
the  Diagonal  Line  of  a  Veifel  be  28  Inches  4  Tenths,  its  Content  in  Beer-Gallons  will  be 
near  51,  and  in  Wine-Gallons  62. 

But  if  a  Veifel  be  open,  as  a  Half-Barrel,  Tun,  or  Copper,  and  the  Meafure  from  the 
middle  on  one  Side,  to  the  Head  and  Staves,  be  38  Inches,  the  Diagonal  Line  gives  122 
Beer-Gallons;  half  of  which,  viz,.6i>  is  the  Content  of  the  open  Half-Tub. 

But  if  you  have  a  large  Veffel,  as  a  Tun,  or  Copper,  and  the  Diagonal  Line,  taken  by 
a  long  Rule,  prove  70  Inches  ;  then  the  Content  of  that  Veifel  may  be  found  thus  : 

Every  Inch,  at  the  Beginning-End  of  the  Diagonal  Line,  call  10  Inches,  then  10  Inches  be- 
comes 100  Inches. 

And  every  Tenth  of  a  Gallon  call  100  Gallons  ;  and  every  whole  Gallon,  with  a  Figure, 
call  1000  Gallons.  Example,  at  44.8  Inches,  on  the  Diagonal  Beer-Line,  is  200  Gallons  i 
fo  alfo  at  4  Inches  48  Parts,  now  called  44  Inches  8  Tenths,  is  juft  two  Tenths  of  a  Gallon, 
now  called  200  Gallons. 

Alfo  if  the  Diagonal  Line  be  76  Inches  and  7  Tenths,  a  clofe  Cask,  of  fo  great  a  Diago- 
nal, will  hold  1000  Beer-Gallons:  but  an  open  Cask  but  half  fo  much,  viz,.  500  Beer- 
Gallons. 

For  reducing  of  Wine-Gallons  to  Beer-Gallons,  or,  vice  verfa,  by  Inflection,  this  may  be 
done. 

Thus  30  Wine-Gallons,  is  24  ~  Beer-Gallons,   &c. 

USE  0/  the  Gauge-Line. 

USE  I.  7o  find  the  Content  of  any  Cylindrical  VeffA in  Ale-Gallons. 
Seek  the  Diameter  of  the  Veffel  in  the  Inches,  and  juft  againft  it,  on  the  Gauge-Line,  is 
the  Quantity  of  Ale-Gallons  contained  in  one  Inch  deep  :  then  this  multiplied  by  the  Length 
of  the  Cylinder,  will  give  its  Content  in  Ale-Gallons.  For  Example ;  fuppofe  the  Length 
of  the  Veffel  be  32.05,  and  the  Diameter  of  its  Bafe  25  Inches,  what  is  the  Content  in  Ale- 
Gallons  ?  Right  againft  25  Inches,  on  the  Gauge-Line,  is  1  Gallon,  and  .745  of  a  Gallon  ; 
which  multiplied  by  32.06,  the  Length,  gives  55.9447  Gallons  for  the  Content  of  the  Veflel. 

USE  II.  The  Bung-Diameter  of  a  Hogfioead  is  25  Inches,  the  Head-Diameter  22  Inches ,  and  the 
Length  32.06  Inches  ;  to  find  the  Quantity  of  Ale-Gallons  contained  in  it. 

Seek  25,  the  Bung- Diameter,  on  the  Line  of  Inches,  and  right  againft  it,  on  the  Gauge- 
Line,  you  will  find  1.745  >  take -f  of  it,  which  is. 580,  and  fet  it  down  twice.  Seek  22  In- 
ches, the  Head-Diameter,  and  againft  it  you  will  find,  on  the  Gauge-Line,  1.356;  -f  of  which 
added  to  twice  .580,  gives  1.6096  j  which  multiplied  by  the  Length  32.06,  the  Product  will 
be  51.603776,  the  Content  in  Ale-Gallons.  This  Operation  fuppofes,  that  the  atorefaid 
Hogfhead  is  in  the  Figure  of  the  middle  Fruftum  of  a  Spheroid. 

The  Ufe  of  the  Lines  on  the  two  other  Faces  of  the  Rod,  is  very  eafy ;  for  you  need  but 
put  it  downright  into  the  Bung-hole  fif  the  Veflel  you  defire  to  know  the  Quantity  of  Ale- 
Gallons  contained  therein  be  lying)  to  the  oppofite  Staves  ;  and  then  where  the  Surface  ot  the 
Liquor  cuts  any  one  of  the  Lines  appropriated  for  that  Veifel,  will  be  the  Number  of  Gal- 
lons contained  in  that  Veffel.  G  '  CHAP. 
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CHAP.     III. 

Of  the  Conftruffion  and  Vfe  of  EverardV  Sliding- Rule  for  Gaming. 

THIS  Inflrument  is  commonly  made  of  Box,  exactly  a  Foot  long,  one  Inch  broad,  and 
about  fix  Tenths  of  an  Inch  thick.  It  confifls  of  three  Parts,  viz,.  A  Rule,  and  two 
fmall  Scales  or  Siiding-Pieces  to  Aide  in  it  ;  one  on  one  Side,  and  the  other  on  the  other  :  So 
that  when  both  the  Siiding-Pieces  are  drawn  out  to  their  full  Extent,  the  whole  will  be  three 
Foot  long. 

.Ffg<8.  On  the  firfl  broad  Face  of  this  Inflrument  are  four  Lines  of  Numbers,-  the  firfl  Line  of 

Numbers  confifls  of  two  Radius's,  and  is  numbered  i,  2,  3,  4,  5,6,  7,  8,  9,  1.  and  then  2 
3,  4,  5,  &c.  to  10.  On  this  Line  are  placed  four  Brafs  Center  Pins,  the  firic  in  the  firfl  Ra- 
dius, at  215042,  and  the  third  likewife  at  the  fame  Number  taken  in  the  fecond  Radius 
having  M  B  fct  to  them  ;  fignirying,  that  the  aforefaid  Number  reprefents  the  Cubic  Inches 
in  a  Malt  Bufhel  :  the  fecond  and  fourth  Center  Pins  are  fet  at  the  Numbers  282  on  each  Ra- 
dius ;  they  have  the  Letter  A  fet  to  them,  fignifying  that  the  aforefaid  Number  282  is  the  Cu- 
bic Inches  in  an  Ale-Gallon.  Nae,  The  little  long  black  Dots,  over  the  Center  Pins,  are  put 
directly  over  the  proper  Numbers.  This  Line  of  Numbers  hath  A  placed  at  the  End  thereof 
and  is  called  A  for  Diflin&ion-fake. 

The  fecond  and  third  Lines  of  Numbers  which  are  on  the  Sliding-Piece  (and  which  may 
be  called  but  one  Line)  are  exactly  the  fame  with  the  firfl  Line  of  Numbers  :  They  are  both 
for  Diflinftion,  called  B.  The  little  black  Dot,  that  is  hard  by  the  Divifion  7,  on  the  firft 
Radius,  having  Si  fet  after  it,  is  put  directly  over  .707,  which  is  the  Side  of  a  Square  in- 
fcribed  in  a  Circle,  whofe  Diameter  is  Unity.  The  black  Dot  hard  by  p,  after  which  is 
writ  S  e,  is  fet  direftly  over  .886,  which  is  the  Side  of  a  Square  equal  to  the  Area  of  a  Cir- 
cle, whofe  Diameter  is  Unity.  The  black  Dot  that  is  nigh  W,  is  fet  dire&ly  over  23  1 
which  is  the  Number  of  Cubic  Inches  in  a  Wine-Gallon.  Laftly,  the  black  Dot  by  C,  is  fee 
directly  over  3.14.  which  is  the  Circumference  of  a  Circle,  whofe  Diameter  is  Unity. 

The  fourth  Line,  on  the  firfl  Face,  is  a  broken  Line  of  Numbers  of  two  Radius's,  num- 
bered 2,  10,  9,  8,  7,  6,  5,  4,  3,  2,  1,  ?,  8,  7,  6,  5,  4,  3,  the  Number  1  is  fet  againfl  M  B  on 
the  firfl  Radius.     This  Line  of  Numbers  hath  M  D  fet  to  it,  fignifying  Malt  Depth. 

Fig.  9.  On  the  fecond  broad  Face  of  this  Rule,  are, 

I.  A  Line  of  Numbers  of  but  one  Radius,  which  is  numbered  1,  2,  3,  &c.  to  10  and 
hath  D  fet  at  the  End  thereof  for  diflinguifhing  it.  There  are  upon  it  four  Brafs  Center 
Pins  :  the  firft,  to  which  is  fet  W  G,  is  the  Gauge-Point  for  a  Wine-Gallon  ;  that  is,  the 
Diameter  of  a  Cylinder,  whofe  Height  is  an  Inch,  and  Content  231  Cubic  Inches,  or  a  Wine- 
Gallon,  which  is  17.15  Inches.  The  fecond  Center-Pin  A  G  Hands  at  the  Gauge-Point  for 
an  Aie-Gallon,  which  is  18.95  Inches-  The  third  Center-Pin  M  S  flands  at  46.3,  which  is 
the  Side  of  a  Square,  whofe  Content  is  equal  to  the  Inches  in  a  folid  Bufhel.  The  fourth 
Center-Pin  M  R  is  the  Gauge-Point  for  a  Malt  Bufhel,  which  is  52.32lnches. 

II.  Two  Lines  of  Numbers  on  the  Sliding-Piece,  which  are  exactly  the  fame  as  on  the 
Sliding-Piece  on  the  other  Side  the  Rule,  they  are  called  C.  The  firfl  black  Dot  fomethins 
on  this  Side  the  Divifion  of  the  Number  8,  to  which  is  fet  ®  c,  is  fet  to  .795,  which  is  the 
Area  of  a  Circle  whofe  Circumference  is  Unity  ;  and  the  fecond,  to  which  is  fet  ©  d  flands 
at  .785,  the  Area  of  a  Circle,  whofe  Diameter  is  Unity. 

III.  Two  Lines  of  Segments,  each  numbered  1,  2,3  to  100;  the  firfl  is  for  finding  the 
Ulage  of  a  Cask,  taken  as  the  middle  Fruflum  of  a  Spheroid,  lying  with  its  Axis  parallel 
to  the  Horizon,  and  the  other  for  finding  the  Ulage  of  a  Cask  Handing. 

Fig.  10.  Again,  on  one  of  the  narrow  Faces  of  this  Rule,  is,  (1.)  A  Line    of  Inches,  numbered  1 

2,3,4,  &c-  t0  I2,  each  of  which  is  fubdivided  into  ten  equal  Parts.  (2.)  A  Line  bv 
means  of  which,  and  the  Line  of  Inches,  is  found  a  mean  Diameter  for  a  Cask  in  the  Figure 
of  the  middle  Fruflum  of  a  Spheroid ;  it  is  figured  1,2,  3,  &c.  to  7.  at  the  End  thereof  is 
writ  Spheroid.  (3.)  A  Line  for  finding  the  mean  Diameter  of  a  Cask  in  the  Figure  of  the  mid- 
dle Fruflum  of  a  parabolic  Spindle,  which  by  Gaugers  is  called,  the  fecond  Variety  of  Cask.  ; 
it  is  numbered  1,  2,  3,4,  5,  <5,  and  at  its  End  is  writ,  2  Variety.  (4.)  A  Line,  by  means 
of  which  may  be  found  the  mean  Diameter  ot  a  Cask  of  the  third  Variety  ;  that  is,  a  Cask  in 
the  Figure  of  two  parabolic  Conoids  abutting  upon  a  common  Bafe  :  it  is  numbered  1,  2  3 
4,  5,  at  the  End  thereof  is  writ  3  Variety. 

Fig.  11.  And  on  the  other  narrow  Face,  is,  (1.)  A  Foot  divided  into  100  equal  Parts,  every  ten  of 

which  are  numbered  ;  FM  flands  at  the  beginning  of  it,  fignifying  Foot-Meafure.     (2.)  A 
Line  of  Inches,  like  that  before  fpoken  of,  having  I  M  fet  to  the  beginning  thereof,  fignifying 
Inch-Meafure.     (3.)  A  Line  for  finding  the  mean  Diameter  for  the  fourth  Variety  of  Casks 
which  is  the  middle  Fruflum  of  two  Cones,  abutting  upon  one  common  Eafe  ;  it  is  numbered 
1,  2,  3,  4,  5,  6.  and  at  the  beginning  thereof  is  writ  F  C,  fignifying  Fruflum  of  a  Cone. 

Thefe 


Chap.^       of  EverardV  Sliding-RutL  & 

Thefe  are  all  die  Lines  on  the  four  Faces  of  the  Rule  ;  but  on  the  Backfide  of  the  two 
Sliding-Pieces  are  a  Line  or  Inches  from  it,  to  36,  when  the  two Sliding-Pieces  are  put  End- 
ways together,  and  againft  that  the  correfpondent  Gallons,  or  hundred  Parts,  that  any  fmali 
Tub,  or  fuch  like  open  Vellel  (rrom  13  to  36  Inches  Diameter)  will  contain  at  one  Inch 
deep  :  its  Conftruction  is  the  fame  as  before  delivered,  in  fpeaking  of  the  Line  of  Ale  Area 
on  the  Four-foot  Gauging-Rod. 

Ah  the  Lines  of  Numbers,  before-defcribed,  may  be  put  upon  the  Faces  of  this  Sliding^ 
Rule,  as  directed  in  the  Conftruction  of  the  Line  of  Numbers  on  Gunter's  Scale  ;  only  you 
mud  obferve,  that  the  firft  Radius  of  the  broken  Line  of  Numbers  M  D,  begins  directly  un- 
der M  B,  and  ends  directly  under  the  other  M  B ;  and  that  when  either  of  the  Lines  of 
Numbers  A  or  B  are  made,  the  Line  M  D  from  them  may  alfo  be  made.  Example,  The  Dif- 
tance  from  1  to  i,  on  the  Line  A,  laid  off  from  1  (towards  the  Left  Hand)  to  2,  on  the 
Line  M  D,  will  give  the  Divifion  2  ;  the  Diftance  from  1  to  3,  on  the  Line  A,  will  be  equal 
to  the  Diftance  from  1  to  3  ;  the  contrary  way  on  the  Line  MD :  underftand  the  fame  of  other 
Divilions  and  Subdivisions.     The  reafon  of  thus  breaking  this  Line  or  Numbers,  I  (hall  fhew 

in  its  Ufe. 

The  Line  of  Segments  for  the  middle  Fruftum  of  a  Spheroid  lying,  may  be  put  upon  the 
Sliding-Rule  in  the  following  manner  :  Take  fome  Veflel  lying,  as  a  Butt,  and  rill  it  full  of 
Water,  then  find  its  Content  in  Ale  or  Wine-Gallons  (for  it  matters  not  which)  take  alfo 
its  Bung-Diameter  very  exactly  in  Inches,  or  Tenths  of  Inches.  Now  to  find  againft  what 
Number,  on  the  Line  of  Numbers  of  the  Sliding-Piece,  any  Divifion  of  the  Line  of  Segments 
muft  ftand  5  fuppofe  the  Divifion  1,  fay,  As  Unity  is  to  .01,  fo  is  the  Content  of  the  afore- 
faid Veflel  in  Gallons  to  a  fourth  Number  (which  will  be  the  Gallons,  or  Gallons  and  Parts 
that  are  contained  in  fuch  a  Segment  of  the  Veflel,  as  .01  is  of  a  fimilar  Vellel,  whofe  Area 
is  fuppofed  Unity  ;)  then  let  out  of  the  Veflel  as  many  Gallons  of  Water  as  that  fourth  Pro- 
portional directs,  and  having  taken  the  Dry  Inches,  fay,  by  the  Rule  of  Three,  As  the 
Bung-Diameter  is  to  thofe  Dry  Inches  found,  fo  is  100  to  a  fourth  Number ;  which  will  be 
the  Number  on  the  Line  C,  againft  which  the  Divifion  1  on  the  Segment-Line  muft  ftand. 

Again,  to  find  where  the  Divifion  2  muft  ftand  on  the  Line  of  Segments,  fay,  As  1  is  to 
.02,  fo  is  the  Content  of  the  aforefaid  Veflel  to  the  Gallons  that  muft  be  taken  out  of  it  ;  then 
fay,  As  the  Bung-Diameter  is  to  the  Dry  Inches,  fo  is  100  to  the  Number  on  the  Line  C, 
againft  which  the  Divifion  2  muft  ftand.  Proceed  in  this  manner  for  finding  the  Divifions  3, 
4>  5>  6>  7>  8>  9,  and  when  you  come  to  find  where  the  Divifion  10  muft  ftand,  you  muft  fay, 
As  Unity  is  to  the  Veflel's  Content,  fo  is  .1  to  the  Number  of  Gallons  to  be  taken  out  of  the 
Veflel,  and  go  on  as  before.  Moreover,  to  find  where  the  Divifion  20  muft  ftand,  fay,  As 
1  is  to  the  Content,  fo  is.  2  to  the  Number  of  Gallons  to  be  taken  out  of  the  Veflel,  &c„ 
In  this  manner  may  the  Divifions  to  100  be  found. 

To  find  where  the  firft  Subdivifion  before  1  muft  ftand,  fay,  As  1  is  to  the  Veflel's  Con- 
tent, fo  is  .002  to  the  Number  of  Gallons  to  be  let  out  of  the  Veflel,  and  proceed  as  at  firft 
directed.  And  for  the  fecond  Subdivifion,  make  .003  the  third  Term  of  the  Rule  of  Three, 
and  proceed  as  before. 

For  the  Subdivisions  between  1  and  2,  2  and  3,  &c.  fuppofe  1  to  be  .0100,  then  the  firft 
Divifion  from  1  will  be  .011,  the  fecond  .012,  the  third  .013,  &c.  which  muft  be  made  the 
third  Terms  of  the  firft  Rule  of  Three,  for  finding  where  any  of  thofe  Subdivifions  muft 
ftand.  And  for  the  Subdivifions  between  10  and  20,  20  and  30,  you  muft  fuppofe  10  to  be 
.10,  and  20  to  be  .20 ;  then  the  firft  Subdivifion  from  10  will  be  .11,  the  fecond  .1 2,  the 
third  .13,  &c.  which  wilfbe  the  third  Terms  in  the  firft  Rule  of  Three,  for  finding  where- 
abouts thefe  Divilions  muft  ftand. 

The  other  Segment-Line,  on  the  fame  Face  of  the  Rule,  may  be  made  in  the  fame  manner 
as  this,  by  fetting  the  aforefaid  Veflel  upright,  and  making  ufe  of  the  Length  inftead  of  the 
Bung-Diameter. 

The  Conftruction  of  the  four  Lines  on  the  narrow  Faces  of  this  Rule,    is  from  the  Rules 
that  Everard  hath  laid  down  for  finding  the  Contents  of  the  four  Varieties  of  Casks.     For, 
(1.)  If  there  is  a  Cask  in  the  form  of  the  middle  Fruftum  of  a  Spheroid,  half  the  Difference 
of  the  Squares  of  the  Bung  and  Head-Diameter,  added  to  the  Sum  and  half  Sum  of  the  faid 
Squares,  divided  by  3,  will  be  the  Square  of  the  mean  Diameter  for  a  fpheroidal  Veflel ;    the 
Root  of  which  will  be  the  mean  Diameter.     (2.)  Three  Tenths  of  the  Differences  of  the 
Squares  of  the  Bung  and  Head-Diameters,    added  to  the   Sum   and   half  Sum  of  the  faid 
Squares,  and  the  whole  divided  by  3,    will  be  the  Square  of  the  mean  Diameter  of  a  Cask  of 
the  fecond  Variety.     (3.)  To  the  Sum  and  half  Sum  of  the  Squares  of  the  Bung  and  Head- 
Diameters,  add  one  Tenth  of  the  Difference  of  the  faid  Squares,  which  Sum,  divided  by  3, 
give's  the  Square  of  the  mean  Diameter   of  a  Cask  of  the  third  Variety.      (4.)  And  Laftly, 
from  the  Sum  and  half  Sum  of  the  Squares    of  the  Bung  and  Head-Diameters,    fubftract  half 
the  Square  of  the  Difference  of  Diameters,  and  the  Remainder,  divided  by  3,  will   be  the 
Square  of  the  mean  Diameter  for  the  fourth  Variety  of  Casks. 

USE 
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USE  of  EverardV  Sliding-Rule. 

USE  I.  One  Number  being  given  to  be  multiplied  by  another,  to  find  the  Product. 

Notation  on  the  Lines  of  Numbers  upon  this  Rule,  is  the  fame  as  before  was  fhewn  in  the 
Ufe  or'  the  Carpenter's  Rule ;  therefore  I  fliall  not  here  repeat  it,  but  proceed  to  folve  this 
Ufe  by  the  following  Examples :  Suppofe  4  is  to  be  multiplied  by  6  :  fet  1  upon  the  Line  of 
Numbers  B,  to  4  upon  the  Line  A,  and  then  againft  6  upon  B,  is  24,  the  Product  fought 
upon  A-  Again,  to  multiply  26  by  68,  fet  1  upon  B  to  26  upon  A  ;  then  againfl  68  upon 
B,  is  1768011  A. 

Note,  The  Product  of  any  two  Numbers  will  have  fo  many  Places  as  there  are  in  both  the 
Numbers  given,  except  when  the  leifer  of  them  does  not  exceed  fo  many  of  the  firft  Figures 
of  the  Product,  for  then  it  will  have  one  lefs- 

USE  II.  One  Number  being  given  to  be  divided  by  another,  to  find  the  Quotient. 

Suppofe  24  is  to  be  divided  by  4,  what  is  the  Quotient  ?  Set  4  upon  B  to  1  upon  A  ;  then 
againfl:  24  upon  B,  is  6  upon  A,  whicii  will  be  the  Quotient. 

Again,  let  052  be  divided  by  14  :  To  find  the  Quotient,  fet  14  upon  A,  to  1  upon  B 
and  againft  052  upon  A,  you  will  have  68  the  Quotient  upon  B. 

Note,  The  Quotient  will  always  confift  of  fo  many  Figures  as  the  Dividend  hath  more  than 
the  Divifor,  except  when  the  Divifor  does  not  exceed  fo  many  of  the  firft  Figures  of  the  Di- 
vidend ;  for  then  it  will  have  one  Place  more. 

USE  III.  "Three  Numbers  being  given,  to  find  a  fourth  in  a  direfi  Proportion. 

If  8  gives  20,  what  will  22  give  ?  Set  8  upon  B  to  20  upon  A  ;  and  then  againft  22  on  B 
ftands  55  upon  A,  which  is  the  fourth  Number  fought. 

USE  IV.  To  find  a  mean  Proportional  between  ttoo  given  Numbers. 
Example.  Let  the  two  Numbers  be  50  and  72  ;  fet  50  upon  C,  to  72  upon  D  >  and   then 
againft  72  upon  C,  is  60  upon  D,  which  is  the  Geometrical  Mean  between  50  and  72. 

USE   V.  To  find  the  fquare  Root  of  any  Number  under  1 000000. 

The  Extraction  of  [the  fquare  Root,  by  help  of  this  Inftrument,  is  eafier  than  any  of  the 
aforefaid  Ufes :  for  if  the  Lines  C  and  D  be  applied  one  to  another,  fo  that  10  at  the  End  of 
D,  be  even  with  10  at  the  End  of  C  ;  then  tnofe  two  Lines,  thus  applied,  are  like  a  Table 
of  fquare  Roots,  fhewing  the  fquare  Root  of  any  Number  by  Infpe&ion  only  :  for  againft 
any  Number  upon  C,  you  have  the  fquare  Root  thereof  up  <n  D. 

Note,  When  the  Number  given  confifts  of  i,  3,  5,  or  7  Places  of  Integers,  feek   it  in  the 
firft  Radius  on  the  Line  C,   and  agamft  it  you  have  the  Root  required  upon  D.     Example,  Let 
the  Number  given  be  144,    I  find  this  on  the  firft  Radius  of  the  Line  C,  and  againft  it  is  12 
the  Root  fought  upon  the  Line  D. 

USE  V,I-  The  Diameter  or  Circumference  of  a  Circle  being  given,  to  find  either. 
Set  1  on  the  Line  A  againft  3. 141,  (where  is  writ  C)  on  the  Line  B,  and  againft  any  Dia- 
meter, on  the  Line  A,  you  have  the  Circumference  on  the  LineB,  and  contrariwife  :  As  fup- 
pofe  the  Diameter  of  a  Circle  be  20  Inches,  the  Circumference   will  be  62.831  ;   and  if  the 
Circumference  be  94.247,   the  Diameter  will  be  30. 

USE   VII.  The  Diameter  of  any  Circle  being  given  ;  to  find  the  Area,  in  Inches,    or  in  Ale  or 

Wine-Gallons. 

Example.  Let  the  Diameter  be  20  Inches,  what  is  the  Area  ?  Set  1  upon  D  to  .785, 
(where  is  fet  ©  d)  and  then  againft  20  upon  D,  is  3 14.1 50,  the  Area  required.  Now  to  find* 
that  Circle's  Area  in  Ale-Gallons,  fet  18.95  (marked  AG)  upon  D  to  1  upon  C ;  then 
againft  the  Diameter  20,  upon  D,  is  the  Number  of  Ale-Gallons  upon  C,  which  is  i.ii  Gal- 
lons.    Underftand  the  fame  for  Wine-Gallons,  by  the  proper  Gauge-Point. 

USE  VIII.  The  tranfverfe  and  conjugate  Diameters  of  an  Ellipfis  being  given,  to  find  the  Area 

in  Ale-Gallons. 

Example-  Let  the  tranfverfe  Diameter  be  72  Inches,  and  the  Conjugate  50  :  Set  359.05 
the  Square  of  the  Gauge-Point,  upon  B,  to  one  of  the  Diameters  (fuppofe  50  upon  A  ;  j 
then  againft  the  other  Diameter  72  upon  B,  you  will  have  the  Area  upon  A,  which,  in  this 
Example,  will  be  10.02  Ale-Gallons,  the  Content  of  this  Ellipfis  at  one  Inch  deep.  The  like 
may  be  done  for  Wine-Gallons,  if  inftead  of  3  5905,  you  ufe  249.1 1,  the  Square  of  the  Gauge- 
Point  for  Wine-Gallons. 

USE   IX.  To  find  the  Area  or  Content  of  a  Triangular  Superficies  in  Ale  Gallons. 
Let  the  Bafe  of  the  Triangle  be  260  Inches,    and  the  Perpendicular,  let  fall  from  the  oppo- 
fite  Angle,  be  no  Inches  ;  fet  282  (marked  A)  upon  B,  to  130,  half  the  Bafe  upon  A  ;  then 
againft  no  upon  B,  is  50.7  Gallons  upon  A.  USE 


Chap.  3.        of  Bver&rdV  Sli  ding-Rule  if 

USE  X.  To  find  the  Content  of  an  Oblong  in  Ale  Gallons], 

Suppofe  one  of  the  Sides  is  130  Inches,  and  the  other  180  ;  fet  282  upon  B,  to  iZo  upon 
A ;  then  againft  130  upon  B,  is  82.517  Ale  Gallons,  the  Area  required. 


I 


USE  XL  The  Side  of  any  regular  Polygon  being  given,  to  find  the  Content  thereof  in  Ale  Gallons, 
In  any  regular  Polygon,  the  Perpendicular  let  fail  from  the  Center  to  one  of  the  Sides,  be- 
ing found  and  multiply 'd  by  half  the  Sum  of  the  Sides;  gives  the  Area,  Example,  in  a  Pen^ 
tagon  fuppofe  the  Side  is  an  Inch,  then  the  Perpendicular  let  fall  from  the  Center,  will  be 
found  .837,  in  faying,  as  the  Sine  of  half  the  Angle  at  the  Center,  which  in  this  Polygon  is 
36  Degrees,  is  to  half  the  given  Side  .5  ;  fo  is  the  Sine  of  3 6  Degrees .taken  from  90,  which 
is  54  Degrees,  to  the  Perpendicular  aforefaid  :  whence  the  Area  of  a  Pentagon  Polygon,  each 
of  whofe  Sides  is  Unity,  will  be  1.72  Inches,'  which,  divided  by  282,  gives  .0061  the  Ale 
Gallons  in  that  Polygon.  By  the  fame  Method  you  may  find  the  Area  of  any  other  Polygon 
whofe  Side  is  Unity  in  Ale  Gallons.  Now  fuppofe  the  Side  of  a  Pentagon  is  50  Inches,  what 
is  the  Content  thereof  in  Ale  Gallons  >  fet  1  upon  D,  to  .0061  upon  C;  then  againft  50  upon 
D,  you  have  the  Area  15.252  Ale  Gallons  upon  C. 

USE  XII.  To  find  the  Content  of  a  Cylinder  in  Ale  Gallons. 
Suppofe  the  Diameter   of  the  Bafe  of  a  Cylinder  is   120  Inches,  and  the  perpendicular 
Height  3 6  Inches.    Set  the  Gauge-*Point  (A  G)  to  the  Height  36  upon  C;  then  againft  120 
the  Diameter,  upon  D,  is  1443.5  the  Content  in  Ale  Gallons. 

USE  XIII.  The  Bung  and  Head-Diameters,  together -with  the  Length  of  any  Cask,  being  given, 

to  find  its  Content  in  Ale  or  Wine  Gallons. 

Suppofe  the  Length  of  a  Cask  taken,  as  the  middle  Fruftum  of  a  Spheroid  be  40  Inches, 
its  Head-Diameter  24  Inches,  and  Bung-Diameter  32  Inches.  Subftrad  the  Head-Diameter 
from  the  Bung-Diameter,  and  the  difference  is  8  :  then  look  for  8  Inches  on  the  Line  of  In- 
ches, upon  the  firft  narrow  Face  of  the  Rule  ;  and  againft  it  on  the  Line  Spheroid  ftands  5.6 
Inches,  which  added  to  the  Head-Diameter  24,  gives  29.6  Inches  for  that  Cask's  mean  Dia- 
meter :  then  fet  the  Gauge-Point  for  Ale  (marked  A  G)  upon  D,  to  40  upon  C  j  and  againft 
29.6  upon  D,  is  97.45  tne  Content  of  that  Cask  in  Ale-Gallons.  If  the  Gauge-Point  for 
Wine  (marked  W  G)  is  ufed  inftead  of  that  for  Ale,  you  will  have  the  Veflel's  Content  in 
Wine-Gallons. 

If  a  Cask,  fuppofe  of  the  fame  Dimenfions  as  the  former,  be  taken  as  the  middle  Fruftum  of 
a  parabolick  Spindle,  which  is  of  the  fecond  Variety,  you  muft  fee  what  Inches  and  Parts  on 
the  Line  marked  Second  Variety,  ftand  againft  the  Difference  of  the  Bung  and  Head-Piameters, 
which;  in  this  Example,  is  8;  and  you  will  find  5.1  Inches,  which  added  to  24  the  Head- 
Diameter,  makes  29.1  Inches  the  mean  Diameter  of  the  Cask  ;  then  fet  the  Rule  as  before,' 
and  againft  29.1  Inches,  you  will  have  94.12  Ale-Gallons  for  the  Content  of  the  Cask. 

Again ;  if  a  Cask,  fuppofe  of  the  fame  Dimenfions  with  either  of  the  former  ones,  be  taken' 
as  the  middle  Fruftum  of  2  parabolick  Conoids,  which  is  one  of  the  third  Variety,  you  will 
find  againft  8  Inches  (the  Difference  of  the  Bung  and  Head-Diameters)  on  the  Line  of  Inches, 
ftands  4.57  Inches,  on  the  Line  called  3d  Variety^  which  added  to  24,  the  Head-Diameter, 
gives  28.57  Inches  for  the  Cask's  mean  Diameter  :  proceed  as  at  firft,  and  you  will  find  the 
Content  of  this  Cask  to  be  90.8  Ale-Gallons. 

Laftly,  If  a  Cask,  fuppofe  of  the  fame  Dimenfions  as  before,  is  taken  as  the  Fruftums  of 
2  Cones,  which  is  the  fourth  Variety,  look  on  the  other  narrow  Face  of  the  Rule  for  8  Inches, 
upon  the  Line  of  Inches ;  and  againft  it,  on  the  Line  F.  C,  you  will  find  4.1  Inches,  which 
added  to  24,  gives  28.1  for  the  mean  Diameter  of  this  Cask  :  proceeding  as  at  firft,  and  you 
will  find  the  Content  of  this  Cask,  in  Ale-Gallons,  to  be  87.93. 

USE  XIV.    There  is  a  Cask  pofited  with  its  Axis  parallel  to  the  Horizon,  or  Lying,  in  part 
empty;  fuppofe  its  Content  is  97.455  Ale-Gallons,  the  Bung-Diameter  32  Inches,  and  the  dry  Inches 
8,  to  find  the  Quantity  of  Liquor  in  the  Cask. 
As  the  Bung-Diameter  upon  C,  is  to  100  upon  the  Line  of  Segments  L,  fo  is  the  dry 

Inches  on  C,  to  a  fourth  Number  on  the  Line  of  Segments  :  then  as  100  upon  B,  is  to  the 

Cask's  whole  Content  upon  A,  fo  is  that  fourth  Number  to  the  Liquor  wanting  to  fill  up  the 

Cask  ;  which,  fubftra&ed  from  the  Liquor  that  the  Cask  holds,  gives  the  Liquor  in  the  Cask. 

Example;  Set  32,  the  Bung-Diameter,  on  C,  to  100  on  the  Segment  LineL;  then  againft; 

8,  the  Dry-Inches  on  C,  ftands  17.6  on  the  Segment  Line.  Now  fet  100  upon  B,  to  the 
^  Cask's  whole  Content  upon  A;  and  againft  ij.6  upon  B,  you  have  16.5  Gallons  upon  A  i 
\  and  fubftrading  the  faid  Gallons  from  97.45,  the  Veflel's  whole  Content,  the  Liquor  in  the 

Cask  will  be  80.95  Gallons. 

H  USE  XV. 
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USE  XV.  Suppofe  the  afurefaid  Cask's  Axis  be  perpendicular  to  the  Horizon,  or  upright,  and  the 
Length  of  it  be  40  Inches  ;  to  find  how  much  Liquor  there  will  be  in  the  Cask,  when  10  of  thofe 
Inches  are  dry. 

Set  40  Inches,  the  Length,  on  the  Line  C,  to  100  on  the  Segment  Line  S;  and  againft 
10,  the  Dry-Inches,  on  the  Line  C,  ftands  24.2  on  the  Segment  Line  S.  Now  fet  100  upon 
B,  to  97.455,  the  Cask's  whole  Content,  upon  A  ;  and  againft  24.2  on  B,  you  will  have 
23.5  Gallons,  which  are  the  Gallons  wanting  to  fill  up  the  Cask,  and  being  fubftrafted  from 
the  whole  Content  97.455,  gives  73.955  Gallons  for  the  Quantity  of  Liquor  remaining  in  the 
Cask. 

USE  XVI.  'to  find  the  Content  of  any  right-angled  Parallelopipedon  (which  ?nay  reprefent  a 

C/flern,  or  Uting-Fat)  in  Malt  Bufhels. 
Suppofe  the  Length  of  the  Bafe  is  80  Inches,  tne  Breadth  50,  and  the  Depth  9  Inches. 
Set  the  Breadth  50  on  B,  to  the  Depth  9  on  C  ;  then  againft  the  Length  80  on  A,  ftands 
16.8  Bufhels  on  the  Line  B,  which  are  the  Number  of  Bulhels  of  Malt  contained  in  the  afore- 
faid  Ciftern. 

The  broken  Line  of  Numbers  M.  D,  is  fo  fet  under  the  Lines  A  or  B,  that  any  Number 
on  A  or  B  multiply'd  by  the  Number  directly  under  it  on  the  Line  M  D,  will  always  be 
equal  to  215042,  the  Number  of  Inches  in  a  Malt-Bufhel :  from  whence  the  Reafon  of  the 
aforefaid  Operation  for  finding  the  Number  of  Malt-Bufhels,  may  be  thus  deduced.  Let  us 
call  the  Breadth  a,  the  Length  b,  the  Depth  c,  and  the  Number  of  Inches  in  a  Malt-Bufhel 
f;  then  the  Malt-Bufhels  in  any  Utenfil  of  uie  aforefaid  Figure,  will  beexprefs'd  by-iif-  But 
by  the  Sliding-Rule  the  Operation  is,  to  fet  the  Breadth  ay  to  the  Depth  c ;  that  is  *  (from 
the  aforementioned  Property  of  tne  broken  Line  of  Numbers  M  D)  to  -on  the  Line  A; 
and  then  againft  the  Length  b,  on  the  Line  A,  will  tne  Number  of  Malt-  Bufhels  ftand  : 
therefore  the  Operation  is  but  finding  the  fourth  Term  of  this  Analogy,  by  means  of  the 
Lines  A  and  B,  -viz,.  1;  a  : :  b  ;    tit 

i 

CHAR    IV. 

Of  the  Conftruffion  and  Vfe  of  CoggefhallV  Sliding-Rule 

for  Meafuring. 

THIS  Rule  is  framed  three  Ways;  for  fome  have  the  two  Rulers  compofing  them 
Aiding  by  one  another,  like  Glaziers  Rules  1  and  fometimes  there  is  a  Groove  made  in 
one  Side  of  a  Two-Foot  Joint-Rule,  in  which  a  thin  Aiding  Piece  being  put,  the  Lines  put 
upon  this  Rule,  are  placed  upon  the  faid  Side.  And  laftly,  one  Part  Aiding  in  a  Groove  made 
along  the  Middle  of  the  other,  the  Length  of  each  of  which  is  a  Foot :  the  Form  of  this  laft 
being  reprefented  by  Fig.  12. 
Fig.  12.  Upon  the  Aiding  Side  of  the  Rule  are  four  Lines  of  Numbers  ;  three  are  double  Lines,  or 

Lines  of  Numbers  to  two  Radius's,  and  one  a  Angle  broken  Line  of  Numbers,  marked  by 
the  Letters  A,  B,  C,  and  D. 

The  three  double  Lines  of  Numbers  A,  B,  C,  are  figured  1,  2,  3,  4,  5,  <5,  7,  8,  9;  and 
then  1,  2,  3,  4,  5,  6y  7,  8,  9,  10;  they  being  the  fame  as  the  Line  A,  and  the  two  Lines  on 
the  Sliding-Piece  C,  upon  Everard's  Sliding-Rule  ;  and  their  Conftru&ion,  Ufe,  and  Manner 
of  ufing,  are  alfo  the  fame. 

The  fingle  Line  of  Numbers  D,  whofe  Radius  is  exactly  equal  to  the  two  Radius's  of  ei- 
ther of  the  Lines  of  Numbers  A,  B,  C,  is  broke,  for  eafier  meafuring  of  Timber,  and  figured 
thus,  4,  5,  6,  7,  8,  9,  10,  20,  30,  40  ;  this  Line  is  called  the  Girt  Line  :  from  4  to  5  it  is  di- 
vided into  10  Parts,  and  each  tenth  into  two  Parts,  and  fo  on  from  5  to  10  ;  then  from  10 
to  20,  it  is  divided  into  10  Parts,  and  each  Tenth  into  4  Parts,  and  fo  on  from  20  to  40,  at 
the  End,  which  is  right  againft  10,  at  the  End  of  either  of  the  double  Lines  of  Numbers. 

The  Lines  on  the  Back-fide  of  this  Rule,  are  thefe  ;  a  Line  of  Inch-Meafure  from  1  to  12, 
each  Inch  being  fubdivided  into  Halfs,  Quarters,  and  Half-quarters  :  another  Line  of  Inch- 
Meafure  from  1  to  22,  and  each  Inch  fubdivided  into  10  equal  Parts  :  a  Line  of  Foot-Mea- 
fure,  being  one  Foot  divided  into  100  equal  Parts,  and  figured  10,  20,  30,  &c.  to  100. 

The  Back-fide  of  the  Sliding-Piece  is  divided  into  Inches,  Halfs  and  Half-quarters,  and 
figured  from  12  to  24;  fo  that  it  may  be  Aid  out  to  2  Foot,  to  meafure  the  Length  of  any 
thing. 

The  Lines  of  Numbers,  A,  B,  orC,  being  either  of  them  conftru&ed  (which  fee  in  the 
Chapter  concerning  Gutter's  Scale)  the  Line  D,  from  thence,  may  eafily  be  conftru&ed. 

For 
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For  having  fee  4  dire&ly  under  1,  for  the  beginning  of  the  Line  ;  to  find  where  any  Biyi- 
fion,  fuppofe  5,  muft  be  placed,  take  twice  the  Diftance  from  4  to  5,  on  either  of  the  Ra- 
dius's of  either  of  the  Lines  of  Numbers  A,  B,  C,  and  lay  oft"  from  4  that  Extent,  which 
will  give  the  Divifion  5:.  Proceed  thus  for  all  the  otner  Divifions  and  Subdivisions,  by  al- 
ways taking  the  double  of  them  on  the  Lines  A,  B,  or  C. 

Note,  For  the  manner  of  Notation,  on  this  Rule,  fee  the  Line  of  Numbers  on  the  Car- 
penters. 

The  Ufe  of  this  Rule  w  meafurmg  plain  Superficies. 
SECTION     I. 

U  S  E  I.     To  measure  a  Geometrical  Square. 
Let  there  be  a  Square  whofe  Sides  are  each  5  Feet ;  fet  1  on  tne  Line  B,  to  5  on  the  Line 
A  ;  then  againft  5  on  the  Line  B,  is  2  5  Feet  the  Content  of  the  Square  on  the  Line  A. 

U  S  E   II.     To  meafure  a  right  angled  Parallelogram,  or  Long-Square. 
Let  there  be  a  Parallelogram,  whofe  Jongeft  Side  is  18  Feet,  and  fhorteft  10  ;  fet  I  on  the 
Line  B,  to  10  on  the  Line  A  .;  then  againft  18  Feet  on  the  Line  B,  is  180  Feet  the  Content 
on  the  Line  A. 

USE  III.    To  meafure  a  Rhombus. 
Let  the  Side  of  a  Rhombus  be  12  Feet,  and  the  Length  of  a  Perpendicular  let  fall  from  one 
of  the  obtufe  Angles,  to  the  oppofite  Side,  9  Feet ;  fet  1  on  the  Line  B,  to  12,  the  Length 
of  the  Side,  on  the  Line  A  :  then  againft  9,  the  Length  of  the  Perpendicular  on  the  Line  B, 
is  108  Feet  the  Content. 

U  S  E  IV.     To  meafure  a  Rhomboides. 

Suppofe  the  Length  of  either  of  the  longeft  Sides  of  a  Rhomboides  to  be  2$  Feet,  and  the 
Length  of  the  Perpendicular  let  fall  from  one  of  the  obtufe  Angles  to  the  oppofite  longeft 
Side,  is  8  Feet;  fet  1  on  the  Line  B,  to  25,  the  Length,  on  the  Line  A;  then  againft  8 
Feet  on  the  Line  B,  ftands  200  Feet  the  Content. 

U  S  E  V.     To  meafure  a  Triangle. 

Let  the  Bafe  of  a  Triangle  be  7  Feet,  and  the  Length  of  the  Perpendicular  let  fall  from  the 
oppofite  Angle  to  the  Bafe,  4  Feet.  Set  1  on  the  Line  B,  to  7  on  the  Line  A ;  then  againft 
half  the  Perpendicular,  which  is  2,  on  the  Line  B,  is  14  on  the  Line  A,  for  the  Content  of 
the  Triangle. 

USE  VI.     The  Diameter  of  a  Circle  being  given,  to  find  it*  Content. 

Let  the  Diameter  of  a  Circle  be  3.5  Feet :  fet  11  on  the  Girt-Line  D,  to  95  on  the  Line 
C ;  then  againft  3.5;  Feet  on  D,  is  9.6  on  the  Line  C,  which  is  the  Content  in  Feet  of  the 
faid  Circle. 

The  Reafon  of  this  Operation,  is,  that  as  the  Square  of  11,  which  is  121,  is  to  9$  ;  fo  is 
the  Square  of  the  Diameter  of  any  Circle,  to  its  Content.  Alfo,  from  the  Nature  of  the  Lo- 
garithms, it  is  manifeft,  if  any  Number,  taken  on  a  fingle  Line  of  Numbers,  (whether  whole 
or  broken,  in  the  manner  that  the  Line  D  is)  be  fet  to  another  Number,  taken  on  a  dou- 
ble Line  of  Numbers  of  the  fame  Length  ;  that  the  Square  of  the  Number  taken  on  the  fin- 
gle Line  of  Numbers,  will  be  to  the  Number  it  is  fet  againft,  on  the  double  Line  of  Num- 
bers, as  the  Square  of  any  other  Number,  taken  on  the  fingle  Line  of  Numbers,  to  the  Num- 
ber againft  it  on  the  double  Line  of  Numbers. 

USE  VII.     To  find  the  Content  of  an  Oval  or  Ellipfis. 

Let  the  Tranfverfe,  or  longeft  Diameter,  be  9  Feet,  and  the  Conjugate,  or  fhorteft  Dia- 
meter, 4  Feet ;  to  find  the  Content  of  this  Ellipfis. 

Theorem.  The  Content  of  every  Ellipfis,  is  a  mean  Proportional  between  a  Circle,  whofe 
£)iameter  is  equal  to  the  longeft  Diameter  of  the  Ellipfis,  and  a  Circle  whofe  Diameter  is 
equal  to  the  fhorteft  Diameter  of  the  fame  Ellipfis;  as  is  manifeft  per  Cor.  3.  Prop.  XI.  Lib.  11. 
of  Sturmy's  Mathefis  Enucleata. 

Therefore  a  mean  Proportional  muft  firft  be  found  between  4  and  9,  the  longeft  and  fhorteft 
Diameters  ;  to  do  which  by  the  Sliding-Rule,  fet  the  greater  of  the  two  Numbers  9  on  the 
Girt-Line,  to  the  fame  Number  on  the  Line  C  ;  then  againft  the  lelfer  Number  4,  on  the  fame 
Line  C,  is  6  the  mean  Proportional  fought  on  the  Girt-Line.  Now  we  have  only  the  Con- 
tent of  a  Circle  to  find,  whofe  Diameter  is  6  Feet ;  which,  when  found,  will  be  the  Content 
of  the  Elipfis  fought :  therefore  (by  the  laft  Problem)  fet  1 1  on  the  Girt-Line  D,  to  95  on 
the  Line  C;  then  againft  6  Feet  on  the  Girt-Line  D,  ftands  on  the  Line  C,  28.28  Feet  for 
the  Content  of  the  aforefaid  Ellipfis. 

The  Reafon  of  the  Operation  for  finding  a  mean  Proportional  between  two  Numbers,  as 
4  and  9,  is  manifeft  from  what  I  faid  in  the  laft  Ufe  of  the  Property  of  a  double  and  fingle 

Line 
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Line  of  Numbers  Aiding  by  one  another.  And  from  this  Theorem,  «&,.  That  if  there  are 
three  Numbers  continually  proportional,  (as  4,  6,  and  9)  the  Square  of  the  greateft  (as  81)  is 
to  the  greateft  (9),  as  the  Square  of  the  middle  one  (6),  or  the  Re&angle  under  the  Extremes 
(which  is  equal  to  it,  per  Prop.  20.  Lib.  7.  End.)  is  to  the  leflfer  Extreme  (4). 

This  Ufe  may  be  eafier  folved  at  one  Operation  by  the  Lines  A  and  B,  thus;  fet  1.27 
on  the  Line  B,  to  the  tranfverfe  Axis  9  Feet,  on  the  Line  A :  then  againft  the  Conjugate 
Axis  4,  on  the  Line  B,  ftands  28.28  Feet  on  the  Line  A,  for  the  Content. 

Note,  The  ftanding  Number  1.27,  is  the  Quotient  of  14  divided  by  11  ;  alfo  as  14  is  to 
Ii,  fo  is  the  Rectangle  under  the  tranfverfe  and  conjugate  Axes  of  any  Ellipfis  to  its  Area; 
whence  the  Reafon  of  this  Operation  is  eafily  manifeft. 

SECTION   IL 

Of  meafuriiig  'timber* 

U  S  E  I.    To  measure  "Timber  the  common  Way. 

Take  the  Length  in  Feet,  Half-feet,  (and  if  defired)  in  Quarters  ;  then  meafure  half-way 
back  again,  where  girt  the  Tree  with  a  fmall  Cord  or  Chalk-Line  ;  double  this  Line  twice 
very  even,  and  this  fourth  Part  of  the  Girt,  or  Circumference,  wdich  is  called  the  Girt,  meafure 
in  Inches,  Halfs,  and  Quarters  of  Inches ;  but  the  Length  rauft  be  given  in  Feet,  and  the 
Girt  in  Inches.  The  Dimenfions  being  thus  taken,  the  Tree  is  to  be  meafured  as  fquare 
Timber,  the  Girt,  or  ^  of  the  Circumference  being  taken  for  the  Side  of  the  Square,  in  the 
following  manner. 

Always  fet  1 2  on  the  Girt-Line  D,  to  the  Length  in  Feet  on  the  Line  C  ;  then  againft  the 
Side  of  the  Square,  on  the  Girt-Line  D,  taken  in  Inches,  you  will  find  on  the  Line  C  the 
Content  of  the  Tree  in  Feet. 

Example  I.  Suppofe  the  Girt  of  a  Tree  in  the  middle  be  60  Inches,  and  the  Length  30 
Feet,  what  is  the  Content?  Set  12  on  the  Girt-Line  I),  to  30  Feet  on  the  LineC;  then 
againft  15,  the  one  fourth  of  <5o,  on  the  Girt-Line  D,  is  46.8  Feet,  the  Content  on  the  Line 
*-» 

Example  II.  A  Piece  of  Timber  is  15  Feet  long,  and  7  of  the  Girt  42  Inches:  Set  12  on 
the  Girt-Line  D,  to  1 5  on  the  fecond  Radius  of  the  Line  C ;  then  againft  42,  at  the  beginning 
of  the  Girt-Line  D,  is,  on  the  Line  C,  184  Feet,  the  Content  fought. 

Example  III.The  Length  of  a  Piece  is  0  Inches,  and  a  Quarter  of  the  Girt  3  5  Inches,  what 
is  the  Content  ?  Now  becaufe  the  Length  is  not  a  Foot,  meafure  it  by  your  Line  of  Foot 
Meafure,  and  fee  what  Decimal  part  of  a  Foot  it  makes,  which  will  be  .75  ;  then  fet  12  on 
the  Girt-Line,  to  75  on  the  firft  Radius  of  the  Line  C ;  and  againft  3  5  on  the  Girt-Line  D, 
is  6.4  Feet  on  the  Line  C,  for  the  Content. 

Example  IV.  A  Rail  is  18  Feet  long,  and  the  Quarter  of  the  Girt  3  Inches  :  fet  12  on  the 
Girt-Line  D,  to  18  on  the  firft  Radius  of  the  Line  C;  then  againft  30,  which  muft  be  taken 
for  3,  on  the  Girt-Line  D,  is  juft  1.12  Feet  for  the  Content. 

The  Reafon  of  the  Operations  of  this  Ufe,  is  manifeft  from  what  I  faid  about  the 
Property  of  the  Lines  D  and  C,  in  Ufe  VI.  and  this  Theorem,  -wit  .that  as  144,  the  fquare 
Inches  in  a  Foot,  is  to  the  Content  of  the  Square  Bafe  of  a  Parallelopipedon  taken  in  Inches ; 
that  is,  to  the  Square  of  t  of  the  Girt :  fo  is  the  Length  of  a  Parallelopipedon  taken  in  Feet, 
to  the  Solidity  of  the  faid  Parallelopipedon  in  Feet. 

This  Ufe  may  be  be  fooner  done  by  taking  all  the  Dimenfions  in  Foot  Meafure  thus,  count 
10,  20,  30,  40,  &c  on  the  Girt-Line  to  be  1,  2,  3,  4,  &c.  and  then  place  10  on  the  Girt-Line 
D  (now  called  1)  to  the  Length  of  the  Tree  on  the  Line  C,  and  againft  the  Girt,  in  Foot 
Meafure,  on  the  Girt-Line  D,  ftands  the  Content  on  the  Line  C. 

Example  I.  Let  the  Length  of  a  Tree  be,  as  in  the  firft  Example  foregoing,  'viz,.  30  Feet, 
and  the  Girt  60  Inches,  or  5:  Feet,  what  is  the  Content  ?  Set  10  (now  called  1)  on  the  Girt- 
Line  D,  to  30  Feet  on  the  Line  C ;  then  againft  1.25  Feet,  the  one  fourth  of  the  Girt,  on  the 
Girt-Line  D,  ftands  46,8  Feet  on  the  Line  C,  for  the  Content,  as  before. 

Example  II.  A  Piece  of  Timber  is  15  Feet  long,  and  one  fourth  of  the  Girt  is  42  Inches, 
or  3.5  Feet,  what  is  the  Content. 

Set  10  on  the  Girt-Line,  to  15  on  the  firft  Radius  of  the  Line  C ;  then  againft  3.5  Feet  on 
the  Girt-Line,  is  184  Feet  on  the  Line  C,  the  Content  required. 

Example  III.  A  Length  is  9.75  Feet,  and-?  of  the  Girt  39  Inches,  or  3  Feet  -rV-s-:  fet  10 
on  the  Girt-Line  to  9.75  on  the  Line  C;  and  againft  3.25  Feet,  on  the  Girt-Line  D,  is  be- 
yond 100  on  the  Line  C:  in  this  Cafe  take  half  the  Length,  and  then  the  Content  found 
muft  be  doubled,  as  here  : 

Set  10  on  the  Girt-Line,  to  (half  of  9.75)  4.87  ;  and  then  againft  3,25  is  51.5  ;  the  dou- 
ble of  which  is  103  Feet,  the  Content  required. 

Note,  If  the  Content  of  any  Piece  of  Timber  in  Feet,  be  divided  by  50,  you  have  the  Con- 
tent in  Loads:  but  fome  will  have  a  Load  to  be  but  40  folid  Feet ,-  therefore  you  may  take 
which  of  the  two  is  moft  cuftomary  with  you. 

USE  II. 
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tl  S  E  II.     "To  meafure  Round  Timber  the  true  way. 

The  manner  of  meafuring  Round-Timber  in  the  laft  Ufe,  being  the  common  way,  but 
not  the  true  one,  as  I  have  already  faid  in  fpeaking  of  the  Carpenter's  Rule  :  I  fhall  now  give 
you  a  Point  on  the  Girt-Line  D,  which  muft  be  ufed  inftead  of  12,  which  is  10.635,  at 
which  there  ought  to  be  placed  a  little  Brafs  Center-Pin  :  this  10.635  *s  c^e  S'^e  °^a  Square, 
equal  to  a  Circle,  whofe  Diameter  is  12  Inches. 

Example.  Let  a  Length  be  (as  in  the  fecond  Example  of  the  laft;  Ufe)  15  Feet,  and  the 
7  of  the  Girt  42  Inches:  fet  the  faid  Point  10.635,  to  *5  the  Length;  then  againft  42,  at 
the  beginning  of  the  Girt-Line,  is  233  Feet  for  the  Concent  fought :  but  by  the  common 
way,  there  arifes  only  184  Feet. 

Notey  As  the  Area,  or  Content  of  a  Circle  (in  Inches)  whofe  Diameter  is  12  Inches,  is  to 
the  Length  of  any  Cylinder  in  Feet ;  fo  is  the  Square  of  j;  of  the  Circumference  of  the  Bafe  of 
the  Cylinder,  in  Inches,  to  the  folid  Content  of  tne  Cylinder  in  Feet. 

Alfo  the  common  Meafure  is  to  the  true  Meafure,  as  1 1  is  to  14 ;  that  is,  as  the  Area,  or 
Content  of  a  Circle,  to  the  Square  of  its  Diameter ;  which,  from  hence,  will  be  eafily  mani- 
feft :  Call  the  Diameter  of  any  Circle  D,  and  J  the  Circumference  C;  then  the  Content  of 
the  faid  Circle  will  be  equal  to  DxC  ;  therefore  DxC  is  to  DxD,  as  11  is  to  14.  But  the 
common  Meafure  (becaufe  the  Length  of  the  Piece  is  the  fame)  will  be  to  the  true  Meafure, 
as  CxC,  the  Square  of  >-  the  Circumference,  to  DxC  the  Content  of  the  faid  Circle  ;  whence 
DxC  muft  be  to  D2,as  C?  is  to  DxC ;  and  by  comparing  the  Rectangles  under  the  Means  and 
Extremes,  they  will  be  found  equal ;  therefore  what  I  propofed  is  true. 

If  the  Girt  of  a  Piece  of  Timber  be  taken  in  Feet,  the  Point  for  true  Meafure  is  .886,  or 
.89,  which  is  the  Side  of  a  Square,  equal  to  the  Content  of  a  Circle,  whofe  Diameter  is 
Unity.  And  then,  for  the  foregoing  Example,  the  Length  being  15  Feet,  and  4  of  the  Girt 
42  Inches  ;  fet  the  aforefaid  Point  89  on  the  Girt-Line,  to  the  Length  15  Feet  on  the  Line 

C,  (in  the  firft  Radius)  then  againft:  3.5  Feet  (which  is  35)  on  the  Girt-Line  D,  is  23^ 
Feet  on  the  Line  C,   the  true  Content  required. 

USE  III.     To  meafure  a  Cube. 
Let  there  be  a  Cube  whofe  Sides  are  6  Feet ;  to  find  the  Content:  fet  12  on  the  Girt-Line 

D,  to  6  on  the  Line  C;  then  againft  72  Inches  (the  Inches  in  6  Feet)  on  the  Girt-Line  D, 
is  216  Feet  on  the  Line  C,  which  is  the  Content  required. 

USE  IV.  To  meafure  unequal  fquared  Timber ;  that  is>  if  the  Breadth  and  Depth  are  not  equal. 

Meafure  the  Length  of  the  Piece,  and  the  Breadth  and  Depth  (at  the  End)  in  Inches ;  then 
find  a  mean  Proportional  between  the  Breadth  and  Depth  of  the  Piece  ;  which  mean  Propor- 
tional is  the  Side  of  a  Square  equal  to  the  End  of  the  Piece :  which  being  found,  the  Piece 
may  be  meafured  as  fquare  Timber. 

Example  I.  Let  there  be  a  Piece  of  Timber  whofe  Length  is  13  Feet,  the  Breadth  23  In- 
ches, and  the  Depth  13  Inches:  fet  23  on  the  Girt-Line  D,  to  23  on  the  Line  C  ;  then  a- 
gainft  13  on  the  Line  C,  is  17.35  °n  the  Girt-Line  D  for  the  mean  Proportional.  Now 
again  ;  fetting  12  on  the  Girt-Line  D,  to  13  Feet,  the  Length,  on  the  Line  C  ;  then  againft 
17.35  on  tne  Girt-Line  D,  is  27  Feet  the  Content  required. 

Example  II.  Let  there  be  a  Piece  of  Stone  7.4  Feet  in  Length,  30  Inches  in  Breadth,  and 
23.5  Deep:  fet  30  Inches  on  the  Girt-Line  D,  to  30  on  the  Line  C;  then  againft  23.5,  on 
the  Line  C,  is  26.5  on  the  Girt-Line  D ;  then  fet  12  on  the  Girt-Line  D,  to  7-4  on  the  Line 
C;  and  againft  26.5,  on  the  Girt-Line,  is  36  Feet  the  Content  fought. 

U  SE  V.    To  find  the  Content  of  a  Piece  of  Timber  in  Form  of  a  triangular  Prifm. 

You  muft  firft  find  a  mean  Proportional  between  the  Bafe,  and  half  the  Perpendicular  of 
the  triangular  End,  or  between  the  Perpendicular  and  half  the  Bafe,  both  meafured  in  Inches, 
and  that  mean  Proportional  will  be  the  Side  of  a  Square  equal  to  the  Triangle. 

Then  to  find  the  Content,  fet  12  on  the  Girt-Line  D,  to  the  Length  in  Feet  on  the  Line 
of  Numbers  C  ;  and  againft  the  mean  Proportional  on  the  Girt-Line  D,  is  the  Content  on 
the  Line  of  Numbers  C. 

But  the  Dimenfions  being  all  taken  in  Foot  Meafure,  and  the  mean  Proportional  found  in 
the  fame  *  then  fet  1  on  the  Girt-Line,  to  the  Length  on  the  Line  C  ;  and  againft  the  mean 
Proportional  in  the  Girt-Line,  is  the  Content  in  the  Line  C. 

Example.  There  is  a  Piece  of  Timber  10  Feet  6  Inches  in  Length,  the  Bafe  of  the  Trian- 
gle at  each  End  21  Inches,  and  the  Perpendicular  16  Inches  :  to  find  the  Content. 

Set  21  Inches  on  the  Girt-Line  D,  to  21  on  the  LineC;  then  againft  8  on  the  Line  C,  is 
12.05  on  the  Line  D,  the  mean  Proportional;  then  fet  12  on  the  Line  D,  to  10.5  Feet  the 
Length,  on  the  LineC;  and  againft  12.05  (the  mean  Proportional)  on  the  Girt-Line  D,  is 
22.8  Feet  the  Content  on  the  Line  C.  Or  thus,  take  all  the  Dimenfions  in  Foot-Meafure, 
and  then  the  Length  19  Feet  6  Inches,  is  19.5,  the  Bafe  21  Inches,  is  1.75,  and  the  Perpen- 
dicular 16  Inches,  is  1.33.     Now  fet  1  on  the  Girt-Line  D,  to  the  Length  19.5  on  the  dou- 
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ble  Line  C;  and  againft  1.08  on  the  Girt-Line  D,  is  22.8  Feet  on  the  Line  C,  for  the  Con- 
tent. 

USE  VI.    To  meafure  Taper  Timber. 

The  Length  being  meafured  in  Feet,  note  one  third  of  it,  which  may  be  found  thus  :  fet 
3  on  the  Line  A,  to  the  Length  on  the  Line  B ;  then  againft  i  on  the  Line  A,  is  the  third 
Part  on  the  Line  B :  then  if  the  Solid  be  round,  meafure  the  Diameter  at  each  End  in  Inches, 
and  fubftract  the  lefler  Diameter  from  the  greater,  and  add  half  the  Difference  to  the  lefler 
Diameter,  the  Sum  is  the  Diameter  in  the  middle  of  the  Piece  ;  then  fet  13.54  on  tne  Girt- 
Line  D,  to  the  Length  on  the  Line  C ;  and  againft  the  Diameter  in  the  middle,  on  the  Girt- 
Line,  is  a  fourth  Number  on  the  Line  C.  Again  ;  fet  13.54  on  ^e  Girt-Line,  to  the  third 
part  of  the  Length  on  the  Line  C  :  then  againft  half  the  Difference  on  the  Girt-Line,  is  ano- 
ther fourth  Number  on  the  Line  C  ;  thefe  two  fourth  Numbers  added  together,  will  give 
the  Content. 

Example.  Let  the  Length  be  27  Feet,  (one  third  of  which  will  be  9)  the  greater  Diame- 
ter 22  Inches,  and  the  lefler  18,  the  Sum  of  the  greater  and  lefler  Diameters  will  be  40 ; 
their  Difference  4,  half  their  Difference  2,  which  added  to  the  lefler  Diameter,  gives  20 
Inches  for  the  Diameter  in  the  middle  of  the  Piece.  Now  fet  13.54  on  the  Girt-Line  D,  to 
27  on  the  Line  C;  and  againft  20  on  the  Line  D,  is  58. 9  Feet.  Again,  fet  13.54  of  tne 
Girt-Line,  to  9  on  the  Line  C ;  then  againft  2  on  the  Girt-Line,  (reprefented  by  20)  is  .196 
Parts  :  therefore,  by  adding  58.9  Feet,  to  .196  Feet,  the  Sum  is  59006  Feet  the  Content. 
If  all  the  Dimenfions  are  taken  in  Foot-Meafure,  then  you  muft  add  the  greater  and  lefler 
Diameters  together,  which  in  this  Example  make  3.33  Feet;  half  of  which  is  the  Diameter 
in  the  middle  of  the  Piece,  viz,.  1.67  Feet,  the  difference  of  the  Diameters  is  0.33  Feet,  half 
of  which  Difference  is  0.17  Feet. 

Then  fet  1.13  on  the  Girt-Line,  to  the  Length  27  Feet  on  the  LineC;  and  againft  1.67 
on  the  Line  D,  is  58.9  Feet :  then  again,  fet  1.13  on  the  Line  D,  to  9  Feet  on  the  Line  C  ; 
and  then  againft  0.17  on  the  Line  D,  is  196  Parts  of  a  Foot,  and  both  added  together  is  the 
Content  j  that  is,  58.9  and  .196  added,  makes  50.006  Feet  as  before. 

If  the  Solid  is  fquare,  aud  has  the  fame  Dimenfions  ',  that  is,  the  Length  27  Feet,  the  Side 
of  the  greater  End  22  Inches,  and  the  Side  of  the  lefler  End  18  Inches,  to  find  the  Content: 
in  Inch-Meafure :  fet  12  on  the  Girt-Line,  to  27  the  Length  of  the  Solid,  on  the  Line  Cj 
and  againft  20  Inches,  the  Side  of  the  mean  Square  on  the  Girt-Line,  is  75.4  Feet.  Again  ; 
fet  12  on  the  Girt-Line,  to  9  Feet,  one  third  of  the  Length,  on  the  Line  C;  and  againft  2 
Inches,  half  the  difference  of  the  Sides  of  the  Squares  of  the  Ends,  on  the  Girt-Line,  is  .25 
Parts  of  a  Foot ;  both  together  is  75.65  Feet  the  Content  of  the  Solid  :  or  thus,  When  all  the 
Dimenfions  are  taken  in  Foot-Meafure,  fet  1  on  the  Girt-Line,  to  the  Length  27  Feet  on  the 
Line  C  ;  then  againft  1.67  Feet,  the  Side  of  the  middle  Square  on  the  Girt-Line,  ftands  75.4 
Feet ;  and  fetting  1  on  the  Girt-Line  to  9  Feet,  one  third  of  the  Length  on  the  Line  C, 
againft  0.167,  naff  the  Difference  of  the  Sides  of  the  Squares  of  the  Ends  on  the  Girt-Line, 
is  on  the  Line  C,  .25  Parts  of  a  Foot ;  which  added  to  the  other,  makes  75.65  Feet,  as  be- 
fore, for  the  Content.  / 

Note,  The  fixed  Numbers  13.54,  and  1.13  are,  the  firft,  the  Diameter  of  a  Circle  whofe 
Area,  or  Content  is  144 ;  that  is,  the  Number  of  fquare  Inches  in  a  fuperficial  Foot  ,•  and  the 
other,  the  Diameter  of  a  Circle  whofe  Area  is  Unity. 

USE  VII.    To  find  bow  many  Inches  in  Length  will  make  a  Foot-Solid,  at  any  Girt,  being  the  Side 

of  a  Square  not  exceeding  40  Inches. 

Let  the  Girt,  or  Side  of  the  Square,  taken  upon  the  Girt-Line,  be  fet  to  1  on  the  Line 
C:  then  againft  41.57  of  the  Girt-Line,  is  the  Number  of  Inches  on  the  Line  C,  that  will 
make  a  Solid-Foot. 

Example.  Let  the  Side  of  a  Square  be  8  Inches :  fet  8  on  the  Girt-Line  D,  to,  1  on  the 
Line  C;  then  againft  41.57  on  the  Girt-Line  D,  is  27  Inches  for  the  Length  of  one  folid 
Foot.  To  do  this  in  Foot  Meafure ;  the  Side  of  the  Square  8  Inches,  in  Foot-Meafure,  is 
.66  Parts,  which  taken  on  the  Girt-Line,  and  being  fet  to  1  on  the  Line  C,  againft  1  on  the 
Girt-Line,  is  2.25  Feet,  for  the  Length  to  make  one  Foot  of  Timber. 

Note,  41.57  is  the  Square-Root  of  1728,  the  Number  of  Cubic  Inches  in  a  folid  Foot. 

USE  VIII.  The  Diameter  of  a  Circle,  or  round  Piece  of  Timber,  being  given  :  to  find  the  Side  of 
a  Square  within  the  Circle ;  or  to  know  how  many  Inches  the  Side  of  the  Square  will  be,  when  the 
round  Timber  is  fquared. 

Rule.  Set  8.5  on  the  Line  A,  to  6  on  the  Line  Bj,  then  againft  the  Diameter  on  the  Line 
A,  is  the  Side  of  the  Square  on  the  Line  B. 

Example.  Let  the  D  ameter  be  18  Inches  :  fet  8.5  on  A,  to  6  on  B  ;  then  againft  18  on  A, 
is  12  -4-  on  the  Line  B,  for  the  Side  of  a  Square  within  the  Circle.  The  fame  done  in  Foot- 
Meafure  :  the  D.ameter  being  18  Inches,  is  in  Foot-Meafure  1.5  ;  then  fet  1  on  the  Line  A, 
to  .707  on  the  Line  B  ;  and  againft  the  Diameter  1.5  on  the  Line  A,  is  1.7  on  the  Line  B  ; 
that  is,  1.7  Foot  is  the  Side  of  an  infcnbed  Square  in  a  Circle,  whofe  Diameter  is  1.5  Foot. 

Note, 
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Note,  the  given  Numbers  8.5  and  6,  or  more  exafter,  1  and  .707,  are,  the  one  the  Di- 
ameter of  a  Circle,  and  the  other  the  Side  of  a  Square  mfcribed  in  that  Circle* 

U  S  £  IX.     The  Girt  of  a  'Tree,  or  round  Piece  of  Timber  being  given  ;  to  find  the  Side  of 

a  Square  -within. 

Rule.  Set  10  to  5?  on  the  Lines  A  and  B  ;  then  againft  the  Girt  on  the  Line  A,  are  the 
Inches  for  the  Side  of  the  Square  on  the  Line  B. 

Let  the  Girt  be  12  Inches ;  fet  10  on  the  Line  A,  to  9  on  the  Line  B ;  then  againft  12 
on  the  Line  A,  is  10.8  on  the  Line  B,  for  the  Side  of  the  Square.  By  Foot-Meafure  it  is 
thus;  the  Girt  12  Inches  is  one  Foot ;  then  fet  io  on  the  Line  A,  to 9  on  the  Line  B  ;  and 
againft.  the  Girt  1  Foot,  on  the  Line  A,  is  .89  Parts  of  a  Foot  for  the  Side  of  the  Square 
■within. 

Note,  The  Numbers  10  and  9,  or  1  and  .9,  fhew  when  the  Square  within  the  Circle  is 
1,  the  fourth  Part  of  the  Circumference  is  .9  Parts  of  the  fame.  Alfo,  by  this  and  the 
laft  Ufe,  you  may  know,  before  a  Piece  of  Timber  be  hewn,  how  many  Boards  or  Planks 
of  any  Thicknefs  it  will  make. 

U  S  E  X.     The  fourth  Part  of  I  the  Girt  of  a  round  Piece  of  Timber  being  given  ;  to  find  the 

Side  of  a  Square  equal  to  it. 

Rule.  Set  1  on  the  Line  A,  to  1.128,  on  the  Line  B  ;  then  againft  the  one  fourth  of  the 
Girt,  on  the  Line  A,  is  on  the  Line  B,  the  Side  of  the  Square  equal  to  it. 

Example.  Let  the  Girt,  (that  is,  one  fourth  of  the  whole  Girt)  be  1 6  Inches;  what  is 
the  Side  of  a  Square  equal  to  it  ?  Set  1  to  1.13,  on  the  Lines  A  and  B ;  then  againft  16  on 
the  Line  A,  is  18  on  the  Line  B  ;  which  fhews,  that  a  Square,  whofe  Side  is  1 8  Inches,  is 
equal  to  a  Circle,  whofe  Girt  is  64  Inches,  and  ^  of  its  Girt  \6  Inches. 

USE  XL     To  find  the  Solidity  of  a  Cone. 

Let  the  Diameter  of  the  Bafe  of  a  Cone  be  1 2  Feet,  and  its  Altitude  or  Height,  24 ;  to 
find  the  Content. 

This  Ufe  may  be  folved  at  one  Operation,  thus  ;  fet  1.95  on  the  Girt  Line,  to  the  Height 
of  the  Cone  24,  on  the  LineC;  then  againft  the  Diameter  of  the  Bafe  of  the  Cone  12,  on 
the  Girt  Line,  ftands  on  the  Line  C,  004.8  Feet,  for  the  Content. 

Note,  1.95  is  the  Square  Root  of  the  Quotient  of  42  divided  by  11  :  and  as  the  Quotient 
of  42  divided  by  11,  is  to  the  Height  of  any  Cone;  fo  is  the  Square  of  the  Diameter  of 
its  Bafe  to  the  folid  Content. 


U  S  E  XII.     To  find  the  Solidity  of  a  Square  Pyramid. 
Suppofe  the  Side  of  the  Bafe  is  8  Inches,  and  the  Height  30,  fet  7  on  the  Girt  Line,  to  f 
of  the  Length,  viz,.  10,  on  the  Line  C ;  then  againft  the  Side   of  the  Bafe  8,  on  the  Girt 
Line,  is  640  Inches,  on  the  Line  C,  for  the  Solidity. 

USE  XIII.     To  find  the  Solidity  of  a  Sphere,  by  having  the  Circumference  given. 

Let  the  Circumference  of  a  Sphere  be  22  Inches ;  to  find  the  Content.  As  2904  is  to  49, 
fo  is  the  Cube  of  the  Circumference  of  a  Sphere  to  its  folid  Content  :  therefore  fet  53.8 
(the  Square  Root  of  2904)  on  the  Girt  Line,  to  49  on  the  Line  C  ;  then  againft  the  Circum- 
ference 22  Inches  on  the  Girt  Line,  is  a  fourth  Number,  viz,.  8.09.  Again,  fet  1,  on  the 
Line  B,  to  22  on  the  Line  A ;  then  againft  8.09,  on  the  Line  C,  ftands  179.5  on  the  Line 
A,  for  the  Content  of  the  faid  Sphere  in  folid  Inches.  If  the  Diameter  had  been  given, 
you  muft  have  ufed  the  fixed  Numbers  4.57  and  11,  inftead  of  53.8  and  49,  and  then  have 
proceeded  as  before  :  becaufe  as  21  is  to  11,  fo  is  the  Cube  of  the  Diameter  of  a  Sphere 
to  the  folid  Content  thereof. 

This  Ufe  may  be  otherwife  folved  at  one  Operation,  thus  :  fet  j.69  on  the  Girt  Line 
D,  to  the  Circumference  of  the  Sphere  22  Inches,  on  the  LineC;  then  againft  22  Inches, 
on  the  Girt  Line  D,  ftands,  on  the  Line  C,  the  folid  Content  179.6  Inches.  If  the  Di- 
ameter be  given  to  find  the  Solidity  at  one  Operation,  you  muft  fet  1.38,  on  the  Girt  Line 
to  the  Diameter  on  the  Line  C ;  then  againft  the  fame  Diameter,  on  the  Girt  Line,  ftands, 
on  the  Line  C,  the  Content. 

Note,  q.69,  and  1.38  are,  the  one,  the  Square  Root  of  the  Quotient  of  2904  divided  by 
49  ;  and  the  other,  the  Square  Root  of  the  Quotient  of  21,  divided  by  11. 

USE  XIV.     The  Circumference  of  a  Sphere  being  given,  to  find  its  Superficies. 
Suppofe  the  Circumference  of  a  Sphere  be  20  Inches,  what  is  the  Area  of  its  Superficies? 
Set  4.69  (the  Square  Root  of  22)  on  the   Girt  Line  D,  to  7  on  the  Line  C ;  then  againft 
20  Inches  on  the  Girt  Line,  ftands  upon  the  LineC  136.5,  the  Area  of  the  Superficies  of 
the  Sphere. 

The  reafon  of  this  is,  becaufe  as  22  is  to  7  ;  fo  is  the  Square  of  the  Circumference  of  a 
Sphere  to  the  fuperficial  Area  thereo£ 

USE 
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USE  XV.  To  find  the  Solidity  of  the  Segment  of  a  Sphere. 
Say,  as  21  is  to  the  Sine  ;  fo  is  1 1  times  the  Square  of  the  faid  Sine,  added  to  33  times 
the  Square  of  half  the  Chord,  to  the  folid  Content  of  the  Segment.  As  fuppofe  the  Sine 
be  10  Inches,  and  half  the  Chord  16  Inches  ;  to  find  the  Content :  Say,  as  21  is  to  10  ;  fo 
is  ^548,  the  Sum  of  11  times  the  Square  of  10,  added  to  33  times  the  Square  of  16,  to 
the  Content  4546.6  Inches. 

USE  XVI.     To  find  the  Area  of  the  Convex  Superficies  of  the  Segment  of  a  Sphere. 
Say,  as  14  is  to  44  times  the  Diameter  of  a  Sphere ;  fo  is  the  Length  of  the  Sine  of  any 
Segment  thereof,  to. the   convex  Superficies  of  the  faid  Segment.     Suppofe  the  Sine  be  12 
Inches,  and  the  Diameter  30  ;  fay,  as  14  is  to  1320;  fo  is  12  to  113 1.4  Inches,  the  Con- 
tent fought. 

CHAP.     V. 

Of  the  Confiruclion  and  Vfes  of  the  Plotting-Scale,  and  an 

improvd  Protractor. 

THE  Plotting-Scale  is  generally  made  of  Box- Wood,  and  fometimes  of  Brafs,  Ivory,  or' 
Silver,  exa&Iy  a  Foot,  or  half  a  Foot  in  Length,  about  an  Inch  and  a  half  broad,  and 
of  a  convenient  Thicknefs :  Thofe  that  are  but  half  a  Foot  long,  have    that  Length  given 
p,  them,  that  thereby  they  may  be  put  into  Cafes  of  Inftruments. 

Fif.  1  ^'  On  one  Side  of  this  Scale  is  placed  feven  feveral  Scales  of  Lines,  five  of  which  are  divi- 

ded into  as  many  equal  Parts  as  the  Length  of  the  Plotting-Scale  will  permit.  The  other 
two  are  likewife  equal  Parts,  but  have  two  Lines  of  Chords  of  different  Lengths  joined  to 
them.  The  firft  of  the  equal  Divifions,  on  the  firft  Scale  of  Lines,  is  fubdivided  into  10 
equal  Parts,  at  the  beginning  of  which  is  fet  the  Number  10;  fignifying,  that  ten  of  thofe 
Subdivifions  make  an  Inch :  that  is,  in  this  Cafe,  every  of  the  Divifions  on  the  firft  Scale,  is 
exactly  an  Inch  ;  at  the  End  of  the  firft  of  which,  is  fet  o ;  at  the  End  of  the  fecond  1  ; 
at  the  End  of  the  third  2  ;  and  fo  on  to  the  End  of  the  Scale.  The  firft  of  the  equal 
Divifions,  on  the  fecond  Scale  of  Lines,  which  are  leffer  than  the  Divifions  on  the  firft 
Scale,  is  likewife  fubdivided  into  10  equal  Parts,  and  hath  the  Number  16  fet  at  the  begin- 
ning of  it,  fignifying,  that  i<5of  thofe  Subdivifions  make  an  Inch,  or  one  of  the  Divifions 
4-J  of  an  Inch ;  at  the  End  of  the  firft  of  which  is  placed  o ;  at  the  End  of  the  fecond  1  ; 
at  the  End  of  the  third  2  :  and  fo  on  to  the  End  of  the  Scale.  The  firft  of  the  equal  Di- 
vifions on  the  third  Scale  of  Lines,  which  are  lelfer  than  the  Divifions  of  the  precedent 
Scale's,  is  alfo  fubdivided  into  10  equal  Parts  ;  at  the  beginning  of  which  is  fet  the  Number 
io  ;  fignifying,  that  20  of  thofe  Subdivifions  go  to  make  an  Inch,  or  that  one  of  the  Divi- 
fions is  44  or  f  of  an  Inch,  which  Divifions  are  marked,  o,  1,  2,  3,  and  fo  on  to  the 
End  of  the  Scale.  Underftand  the  fame  for  the  other  four  Scales,  at  the  beginnings  of 
which  are  writ,  24,  32,  40,  48  ;  only  the  Divifions  of  the  two  laft  Scales  of  Lines  are  not 
continued  to  the  End  of  the  Scale,  becaufe  of  two  Lines  of  Chords  of  different  Lengths, 
the  Beginnings  of  which  are  marked  by  the  Letters  C,  C,  fignifying  Chords.  The  Con- 
ftru&ion  of  which  fee  in  the  next  Chapter. 

Note,  Each  of  the  aforefaid  Scales  of  Lines  are  aptly  diftinguifh'd  from  one  another,  by 
being  call'd  Scales  of  10,  16,  20,  24,  32,  or  48,  in  an  Inch ;  as  the  firft  Scale,   is  a  Scale  of 
10  in  an  Inch  ;  the  fecond,   16  in  an  Inch  ;  the  third,   20  in  an  Inch;  the  fourth,  24 ;  and 
fo  on. 
Fio.#  2  On  the  back  Side  of  this  Scale,  is  placed  a  Diagonal  Scale  ;  the  firft  of  whofe  Divifions, 

which  is  half  an  Inch,  if  the  Scale  is  a  Foot  long  ;  and  one  fourth,  if  the  Scale  is  but  half 
a  Foot  long,  is  diagonally  fubdivided  into  100  equal  Parts.  Alfo  at  the  other  End  of  the 
Scale  is  another  Diagonal  Subdivifion  of  an  Inch  into  100  equal  Parts,  if  the  Scale  is  a  Foot 
long;  but  if  it  is  half  a  Foot,  the  Subdivifion  is  of  half  an  Inch  into  100  equal  Parts.  The 
Figure  of  this  Diagonal  Scale,  and  what  our  Author  has  already  faid  of  it,  in  Ufe  8,  is  fuffi- 
cient  to  fhew  its  Conftru&ion  and  Ufe. 

There  is  alfo  next  to  the  Diagonal  Scale,  a  Foot  divided  into  100  equal  Parts,  if  the  Scale  is 
a  Foot  long,  every  10  of  which  are  numbered  10,  20,  30,  &c.  There  is  likewife  next  to 
that  the  Divifions  of  Inches,  numbered  1,  2,  3,  &c.  each  of  which  is  fubdivided  into  ten 
equal  Parts. 

Ufe  of  the  Plotting-Scale. 
This  Scale's  principal  Ufe  is  to  lay  down  Chains  and  Links  taken  in  furveying  Land. 

USE 
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U  S  E  I.  Any  Di  fiance  being  mcafured  by  your  Chain,  to  lay  it  dovm  upon  Paper. 

Suppofe,  that  meafuring  along  a  Hedge,  or  the  Diflance  between  any  two  Marks,  or  Pla-  £ig.  3- 
tes,  with  your  Chain,  ycu  find  the  Length  thereof  to  contain  6  Chains,  50  Links.     Now  to 
take  this  D  (lance  from  your  Scale,  and  lay  it  down  upon  Paper,  do  thus  : 

Firft  draw  the  Line  A  B,  then  place  one  Foot  of  your  CompafTes  upon  your  Scale  at  the 
Figure  <S,  for  the  6  Chains,  and  extend  the  other  Foot  to  5  of  the  Subdiyifions,  (which  re- 
brefents  the  50  Links)  then  fet  this  Diflance  upon  the  Line  drawn  from  A  to  B,  and  the 
Line  A  B  will  contain  6  Chains,  50  Links,  if  you  take  the  Diflance  from  the  Scale  of  10  in 
an  Inch. 

But  if  you  would  have  the  Line  fhorter,  and  yet  to  contain  6  Chains  50  Links,  then  take 
your  Diftance  from  a  fmaller  Scale,  as  of  16,  20,  24,  &c.  in  an  Inch,  and  then  the  6  Chains, 
50  Links,  will  end  at  C  :  if  taken  from  the  Scale  of  16  in  an  Inch  ;  or  at  [D,  if  taken  from 
the  Scale  of  20  in  an  Inch.  &c.  either  of  which  Lines  will  contain  6  Chains,  50  Links,  and 
be  proportional  one  to  another,  as  the  Scales  from  which  they  were  taken.  And  in  this 
manner  any  Number  of  Chains  and  Links  may  be  taken  from  any  of  the  Scales. 

U  S  E  II.    A  right  Line  being  given,  to  find  how  many  Chains  and  Links  are  therein  contain  dt 

according  to  any  affigned  Scale. 

Suppofe  A  B  was  a  given  Line,  and  it  is  required  to  find  how  many  Chains  and  Links  are  Fig.  31 
contained  therein,  according  to  the  Scale  of  10  in  an  Inch  :  Take  in  your  CompafTes  the 
Length  of  the  Line  A  B,  and  applying  it  to  the  Scale  of  10  in  an  Inch,  you  will  find  that  the 
Extent  of  your  CompafTes  will  reach  from  6  of  the  great  Divifions,  to  5  of  the  fmall  ones ; 
whence  the  Line  A  B,  contains  6  Chains,  50  Links.  The  like  mull  be  done  for  any  Line,  and 
alfo  by  any  of  the  other  Scales. 

But  note,  that  in  laying  down  the  Lengths  of  Lines  by  your  Scales,  whatfoever  Scale  you 
begin  your  Work  with,  with  the  fame  Scale  you  mufl  continue  it  to  the  End,  not  laying 
down  one  Line  by  one  Scale,  and  another  by  another ;  but  if  you  would  have  a  large  Work  in 
a  little  room,  then  ufe  a  fmall  Scale,  as  of  32,  40,  or  48  in  an  Inch.  But  contrariwife,  if  you 
would  exprefs  every  fmall  Particular,  then  it  is  bell  to  ufe  the  Scales  of  10,  or  16  in  an  Inch- 

The  Ufe  of  the  Lines  of  Chords  on  the  Plotting-Scale,  is  to  protract  or  lay  down  Angles, 
when  a  Protractor  is  wanting,  which  is  much  more  convenient  in  laying  oft"  Angles  :  videUCes 
of  the  Plain-Scale.    To  take  off  Parts  from  the  Diagonal  Scale,  fee  Ufe  VIII.  of  our  Author's. 

Of  the  Conftruffiion  and  Ufe  of  an  improved  Trotraffior* 

This  Protractor  is  made  of  Brafs,  as  the  others  commonly  are,  and  has  likewife  its  Semi-  Fig.  £ 
circular  Limb  divided  into  180  Degrees;  there  is  an  Index  adjufted  in  the  Center  of  this 
Protractor,  by  means  of  which,  an  Angle  of  any  Number  of  Degrees  and  Minutes,  may 
be  protracted  :  there  is  a  Circle  cut  out  in  the  Piece,  whofe  Edge,  next  to  the  Limb,  ferves 
for  the  Diameter  of  the  Semicircle  ;  the  Center  of  this  Circle  is  in  the  Center  of  the  Limb, 
and  it  is  cut  Hoping,  fo  that  it  makes  the  Frultum  of  a  Cone,  the.  greatefl  Bafe  being  un- 
derneath. In  this  Circle  is  adjufted  a  Ring,  to  which  the  Ring  of  the  end  of  the  Index  is 
fivetted ;  by  which  means  the  Index  will  move  freely  about  the  Limb.  There  is  a  little  Steel 
Point  fixed  to  the  Ring,  adjufted  in  the  aforefaid  Circle,  the  End  of  which  .terminates  in  the 
Center  of  the  Circle ;  the  End  of  this  Point  mufl  be  laid  to  the  angular  Point  to  be  pro- 
tracted. 

The  Index  confifts  of  two  Pieces,  one  End  of  that  which  comes  out  beyond  the  Limb  of 
the  Protraftor  is  cut  flopewife,  fo  as  exactly  to  fit  the  Edge  of  the  Limb  of  the  Protractor, 
which  is  likewife  Hoped  underneath,  and  is  fattened  to  the  other  Piece ;  by  which  means  the 
Index  is  kept  down  clofe  to  the  Limb. 

The  Divifions  on  both  Edges  of  that  Part  of.  the  Index  beyond  the  Limb,  are  60  equal 
Parts  of  the  Portions  of  Circles  (patting  thro  the  Center  of  the  Protractor,  and  two  Points 
afTumed  in  the  outward  Edge  of  the  Limb  of  that  Piece  of  the  Index  nigheit  the  Center)  in- 
tercepted by  two  other  right  Lines  drawn  from  the  Center  ;  fo  that  they  each  make,  with 
Lines  drawn  to  the  afTumed  Points  from  the  Center,  Angles  of  one  Degree. 

To  lay  off  any  Number  of  Degrees  and  Minutes  by  this  Protractor,  you  mufl;  move  the 
Index,  fo  that  one  of  the  Lines  drawn  upon  the  Limb,  from  one  of  the  aforementioned  Points, 
may  be  upon  the  Number  of  Degrees  fought ;  and  then  pricking  off  as  many  of  the  equal 
Parts  on  the  proper  Edge  of  the  Index,  as  there  are  Minutes  given,  and  drawing  a  Line  from 
the  Center,  to  that  Point  fo  prick 'd  off,  you  will  have  an  Angle,  with  the  Diameter  of  the 
Protractor,  of  the  propofed  Number  of  Degrees  or  Minutes.  The  reafon  of  this  Contri- 
vance is  from  Prop.  27.  Lib.  3.  Eucl  where  it  is  proved  that  Angles  infilling  upon  the  fame 
Arcs,  in  equal  Circles,  or  in  the  fame  Circle,  (for  it  is  the  fame  thing)  are  equal. 

K  CHAP, 
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CHAP.     VI. 
The  Projection  of  the  Plain-Scale. 

Fl?nS  T?  draW  a  Grcle  A  B  D  C>  which  crofs  at  rIght  An§les  ^ith  the  Diameters  A  D 
CB;  tnen  continue  out  AD  to  G,  and  upon  the  Point  B,  raife  B F  perpendicular  to 
C  B.  Now  draw  the  Chord  A  B,  and  divide  the  Quadrant  A  B  into  9  equal  Parts  fettinfc 
the  Figures  10,  20,  30,  &c.  to  9o  to  them;  each  of  which  9  Parts  again  fubdivide  'into  10 
more  equal  Parts,  and  then  the  Quadrant  will  be  divided  into  9o  Degrees.  Now  fettina  one 
Foot  or  your  Compafles  in  the  Point  A,  transfer  the  faid  Divifions  to  the  Chord  Line  A  B 
and  let  thereto  the  Figures  10,20,30,6^.  and  the  Line  of  Chords  A  B,  will  be  divided' 
and  then  may  be  put  upon  your  Scale,  reprefented  in  Fig.  6.  Now  to  projeft  the  Sines  di- 
vide the  Arc  B  D  into  9o  Degrees,  as  before  you  did  A  B ;  from  every  of  which  Degrees  let 
fall  Perpendiculars  on  the  Semidiameter  E  B  ;  which  Perpendiculars  will  divide  EB  iutoaLine 
ot  Suies,  to  which  you  mufl  fet  10,  20,  30,  &c.  beginning  from  the  Center,  and  then  you  may 
transfer  the  Line  ot  Sines  to  your  Scale.  y  y 

Again  to  projea  the  Line  of  Tangents  j    from  the  Center  E,  and  thro  every  Divifion  of 
the  Are  BD,  draw  right  Lines  cutting  B  F,  which  will  divide  it  into  a  Line  of  Tangents 
letting  thereto  the  Numbers  10,  20,  30,  &c.  which  you  mufl  transfer  to  your  Scale 

I  o  projed  the  Line  of  Secants  transfer  the  Diftances  E  10,  E  20,  E  30,  &c.  that  is  the 
Diftance  from  E  to  10,  20,  30,  &±  on  the  Tangent  Line,  upon  the  Line  E  G,  and  fettina 
thereto  the  Numbers  10,  2G  30  &c.  the  Line  E  G  will  be  divided  into  a  Line  of  Secants, 
which  mufl  be  transfer^  on  the  Scale.  **«mwj 

To  projed  the  Semi-tangents;  draw  Lines  from  the  Point  C,  thro  every  Degree  of  the 
Quadrant  A  B,  and  they  will  divide  the  Diameter  A  E  into  a  Line  of  Semi-tangent's  :  but  be- 
caufe  the  Sem.tangents  or  Plane-Scales  of  a  Foot  in  Length,  run  to  160  Degrees,  continue 
out  the  Line  A  E,  and  draw  Lines  from  the  Point  C,  thro  the  Degrees  of  the  Quadrant  C  A 
cutting  the  laid  continued  Portion  of  A  E,  and  you  will  have  a  Line  of  Half-tangents  to  1 60 
Degrees,  or  further,  if  you  pleafe.  B 

Note,  TheSemitangentofanyArc,  is  but  the  Tangent  of  half  that  Arc,  as  will  eafily  ap- 

Aenlfl°,nVtSr 'anner-0fJPru°ieaion'  and  Pr°P-  20'  Llb-  ">'  EucL  whe*  ic  is  Proved,  that  an 
Angle  at  the  Center,  is  double  to  one  at  the  Circumference. 

Moreover,  to  draw  the  Rhumb  Line  ;  from  every  8th  part  of  the  Quadrant  A  C,  letting 

one  toot  of  your  Compailes  in  A,  defcribe  Arcs  cutting  the  Chord  AC,  which  will  divide 

qua^tTr  rLhTs  tta°deeRhUmbSj  ^  *  £  ^  *"""  ™Y  **  S«bdM™  °f  haIf  ^ 
„  ^a{lIy'  1°  Pr«ief  the  Line  of  Longitude  ;  draw  the  Line  H  D,  equal  and  parallel  to  the 
Radius  C  E,  which  divide  into  60  equal  Parts,  (becaufe  60  Miles  make  a  Degree  of  Longi- 
tude under  the  Equator)  every  io  of  which  Number  fet  Figures  to.  Wfrom  every'of 
rl  }'r%  !ec  fal1  ^P^ulars  to  CE,  cutting  the  Arc  C  D;  and  having  drawn  tfie 
Chord  C  D,  with  one  Foot  of  your  Compafles  in  D,  transfer  the  Diftances  from  D,  to  each  of 
the  Points  in  the  Arc  C  D,  on  the  Chord  C  D,  and  fet  thereto  the  Numbers  10,  20  &c  and 
the  Line  of  Longitude  will  be  divided. 

<  The  Reafon  of  this  Conftru&ion  is,  that  as  Radius  is  to  the  Sine  Complement  of  any  La- 
titude, fo  is  the  Length  of  a  Degree  of  Longitude  under  the  Equator,  which  is  00  Miles  to 
the  Length  ot  a  Degree  of  Longitude  in  that  Latitude.  ' 

Thefe  being  all  the  Lines  commonly  put  upon  the  Rulers,  call'd  Plain-Scales,  excepts- 

3a£? few"  PrOCeed  t0  ***  their  manner  °£  ufmg  in  T^onom^^ 

But  by  the  way    note,  That  Plain-Scales  are  commonly  of  thefe  two  Lengths  vk.   fome 
one  foot   long,  and  others,  which  are  put  into  Cafes  of  feiftruments,  but  half  a  foot  in 

time!  of  Brafso"  Ivory        "  *  ^^  ^  '  ***  **  genCWlly  ™de  ot'B°X>  and  fome" 

U  S  E  I.    To  make  an  Angle  in  the  Point  A,  at  the  End  of  the  Line  A  B,  vf  any  Number  of 

Degrees,  f/ippofe  40. 

Fig'  7"  the^PointA  }Tf  Cna{l\S  6o®eZrrs  fr?m  che  tine  of  Chords,  and  fetting  one  Foot  in 

from  the  feme  T  ^  f  ri  <  C  B  \  ^  ^  4°  ■**"**  which  is  the  Number  ProP0^, 
A  E  and  the  tZ  P  A  F^  fd  k?,them  °ff  °n  the  ArC  from  B  t0  E  '  draw  the  Line 
T  ;„;„f  Ar!i      g!  n  AE  WlU  be  4°  DeSre^,  as  is  manifeft  from  the  Conftruftion  of  the 

£a£^>S2S*Amd(Pt%-  **'  ULf  EUCl  WMCH  **"*  that  the  Se-idiameter  of  any  C  rele 

Depii  lde°UHeXag0ninfcribed  in  tIlefame  CircIe  '  ^  i%  to  the  Chord  of  60 

Agrees,  y  g 
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USE  II.  The  Angle  E  A  B  being  given,  to  find  the  Quantity  of  Degrees  it  contains. 

Take  in  your  Compares  60  Degrees  from  the  Line  of  Chords,  and  defcribe  the  Arc  BC  ;Fig.  7. 
then  take  the  Extent  from  B  to  E  in  the  CompafTes  ;    which   Extent  apply   on  the  Line  of 
Chords,  and  the  Quantity  of  the  Angle  will  be  fhewn.     This  Ufe,  which   is  only  the  Re- 
verfe  of  the  former,  may  be  likewifedone  by  the  Lines  of  Sines  and  Tangents,    the  Method 
of  doing  which  is  enough  manifefl  from  Ufe  I. 

USE  III.  lie  Bafe  of  a  Triangle  being  given  40  Leagues,  the  Angle  ABC   36  Degrees,    and  the 

Angle  B  A  C  41  Degrees  ;    to  'make  the  Triangle,  find  the  Lengths  of  the  Sides  AC,  C  B,  and 

alfo  the  other  Angle. 

Draw  the  indefinite  right  Line  A  D,  and  take  the  Extent  of  40  Leagues,  from  the  Line  Fig.  8. 
of  Leagues,  between  your  Compares,  which  lay  off  upon  the  faid  Line  from  A  to  B  for  the 
Bafe  of  the  Triangle  ;  at  the  Points  A  and  B  make,  by  Ufe  I.  the  Angles  ABC,  HCA; 
the  firft  3<5  Degrees,  and  the  laft  41  Degrees,  and  the  Triangle  A  CB  will  be  formed  ;  then 
take  in  your  Compafies  the  Length  or  the  Side  A  C,  and  apply  it  to  the  fame  Scale  of 
Leagues,  and  you  will  find  its  Length  to  be  24  Leagues.  Do  thus  for  the  other  Side  B  C, 
and  you  will  find  it  27  Leagues  and  a  half;  and,  by  Ufe  II.  the  Angle  A  C  B  will  be  found 
102  Degrees. 

By  this  Ufe  the  following  Problem  in  Navigation  may  be  folved,  viz,.  Two  Ports,  both 
lying  under  the  fame  Meridian,  being  any  Number  of  Miles  diftant  from  each  other,  fup- 
pofe  30,  and  the  Pilot  of  a  Ship,  out  at  Sea  on  a  certain  time,  finds  the  Bearing  of  one  of 
the  Ports  is  S  W  by  S,  and  the  Bearing  of  the  other  N  W  :  the  Ship's  Diftance  from  each  of 
the  Ports  at  that  time  is  required  ? 

To  folve  this  Problem  ;  draw  the  right  Line  A  B  equal  to  3  Inches,  or  3  of  the  largeft 
equal  Parts  on  the  Diagonal  Scale,  which  is  to  reprefent  the  30  Miles,  or  the  Diftance  from 
one  of  the  Ports,  as  A  to  the  other  B  ;  at  the  Point  B  make  an  Angle,  equal  to  the  bearing  Fig.  9. 
of  the  Port  B  from  the  Ship,  which  mull:  be  33  Degrees,  45  Minutes;  likewife  make  ano- 
ther Angle  at  the  Point  A,  equal  to  the  bearing  of  the  Port  A  from  the  Ship,  which  muft  be 
45  Degrees,  then  the  Point  C  will  be  the  Place  the  Ship  was  in  at  the  time  of  Obfervation. 

Now  to  find  the  Diftance  of  the  Ship  from  the  Port  A,  take  the  Length  of  the  Side  A  C 
in  your  CompafTes,  and  applying  it  to  the  Diagonal  Scale,  you  will  find  it  to  be  17  —  Miles. 
In  the  fame  manner  the  Diftance  of  the  Ship,  from  the  Port  B,  will  be  found  21  ~  Miles. 

Note,  The  Reafon  why  the  Angles  A  and  B  are  equal  to  the  bearing  of  the  Ship  from 
each  of  thofe  Ports,  depends  on  Prop.  29.  lib.  1.  Eucl. 

USE  IV.  The  Bafe  ABofa  Triangle  being  given  60  Leagues,    the  oppofite  Angle  A  C  B  108  Fig.  i0. 
Degrees,  and  the  Side  C  B  40  Leagues  ;    to  make  the  faid  Triangle,   and  find  the  Length   of  the 
ether  Side  A  C. 

Draw  the  Line  a  b  equal  to  A  B,  the  given  Bafe  ;  and  becaufe  in  any  Triangle  the  Sines  Fig.  11. 
of  the  Sides  are  proportionable  to  the  Sines  of  the  oppofite  Angles  (as  is  demonftrated  by 
Trigonometrical  Writers)  it  follows,  that  as  A  B  is  to  the  Sine  of  the  given  Angle  C,  which 
is  of  72  Degrees,  viz,,  the  Complement  of  108  Degrees  to  180  ;  fo  is  the  given  Side  B  C,  to 
the  Sine  of  the  Angle  CAB:  therefore  make  b  c  equal  to  the  given  Side  B  C  of  40  Leagues. 
Take  in  your  CompafTes,  upon  the  Line  of  Sines,  the  Sine  of  72  Degrees,  to  which  Length 
make  b  e  equal,  and  draw  the  Line  a  c ;  likewife  draw  e  d  parallel  to  a  c,  and  (by  Prop.  4. 
lib.  6.  Eucl.)  b  d  will  be  the  Sine  of  the  Angle  CAB,  which  will  be  found,  by  applying  it 
to  the  Line  of  Sines,  about  39  Degrees:  therefore  make  an  Angle  at  the  Point  A  of  39 
Degrees,  then  take  in  your  CompafTes  the  Length  40  Leagues,  and  fetting  one  foot  in  the 
Point  B,  with  the  other  defcribe  an  Arc,  which  will  cut  the  Side  A  C  in  the  Point  C,  and 
confequently  the  Triangle  ABC  will  be  made,  and  the  Length  of  the  Side  A  C  will  be 
found  34  Leagues. 

USE    V.  Concerning  the  Line  of  Rhumbs. 

The  Ufe  of  the  Line  of  Rhumbs  is  only  Co  lay  off,  or  meafure,  the  Angles  of  a  Ship's  Courfe 
in  Navigation,  more  expeditioufly  than  can  be  done  by  the  Line  of  Chords  :  As  fuppofe  a 
Ship's  Courfe  is  N  N  E,  it  is  required  to  lay  it  down. 

Draw  the  Line  A  B,    reprefenting  the  Meridian;    take   60   Degrees   from  the  Line  of  Fig.  u. 
Chords,  and  about  the  Point  A  defcribe  the  Arc  B  C.     Now    becaufe   N  N  E   is  the  third 
Rhumb  from  the  North,  therefore  take  the  third  Rhumb  in  your  Compafies,  on  the  Line  of 
Rhumbs,  and  lay   it  oft"  upon  the  Arc  from  B  to  C  ;  draw  the  Line  A  C,  and  the  Angle 
B  A  C  will  be  the  Courfe. 

USE  VI.  Of  the  Line  of  Longitude. 
The  Ufe  of  this  Line  is  to  find  in  what  Degrees  of  Latitude  a  Degree  of  Longitude  is 
1,2,  3,4,  &c.  Miles,  which  is  eafily  done  by  means  of  the  Line  of  Chords  next  to  it :  for  it 
is  only  feeing  what  Degree  of  the  Line  of  Chords  anfwers  to  a  propofed  Number  of  Miles,, 
and  that  Degree  will  be  the  Latitude,  in  which  a  Degree  of  Longitude  is  equal  to  that  pro- 
pofed 
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pofed  Number  of  Miles.  As  for  Example  ;  againft  10  Miles,  on  the  Line  of  Longitude, 
frand  80  Degrees,  and  fomething  more  ;  whence,  in  the  Latitude  of  about  80  Degrees,  a 
Degree  of  Longitude  is  10  Miles.  Again,  30  Miles  on  the  Line  of  Longitude,  anfwers  to 
60  Degrees  on  the  Line  of  Chords  ;  therefore  in  the  Latitude  of  60  Degrees,  a  Degree  of 
Longitude  is  30  Miles.  Moreover,  againll  58  Miles,  on  the  Line  of  Longitude,  Hands  15 
Decrees  of  the  Line  of  Chords,  which  fhews  that  a  Degree  of  Longitude,  in  the  Latitude 
of  1  •$  Deg.  is  5  8  Miles  ;  and  fo  for  others. 

USE  0/  the  *p  lain- Scale  in  Spherical  Geometry. 
USE  I.  To  find  the  Pole  of  any  Great  Circle. 
If  the  Pole  of  the  Primitive  Circle  be  required,  it  is  its  Center. 

If  the  Pole  of  a  right  or  perpendicular  Circle  be  fought,  it  is  90  Degrees  diftant,  reckoned 
upon  the  Limb  from  the  Points,  where  this  Circle,  which  is  a  Diameter,  cuts  it. 
If  the  Pole  of  an  oblique  Circle  be  required, 

(1.)  Coniider  that  this  Circle  muft  cut  the  primitive  in  two  Points,  that  will   be  diftant 
from  each  other   juft  a  Diameter,  as  is  the  Cale  of  the  Interferon  of  all  great  Circles. 
(2.)  The  Pole  of  this  Circle  muft  be  in  a  right  Line  perpendicular  to  its  Plane. 
(3.)  This  Circle's  Pole  cannot  but  lie  between  the  Center  of  the  primitive  one,  and  its 
own. 
Fig.  i".  Example.  Let  the  Pole  of  the  oblique  Circle  ABC  be  required. 

1.  Draw  the  Diameter  A  C,  and  then  another,  as  D  E,  perpendicular  to  it. 

2.  Lay  the  Edge  of  your  Scale  from  A  to  B,  it  will  cut  the  Limb  in  F  j  then  take  the 
Chord  of  po  Degrees,  and  fet  it  from  F  to  h. 

3 .  Lay  the  Edge  of  your  Scale  from  b  to  A,  it  will  cut  D  E  in  g,  which  Point  g  is  the 
Pole  required. 

Note,  To  find  the  Points  F  and  h,  is  called  reducing  B  to  the  primitive  Circle,  and  to  the 
Diameter.  Alfo,  Note,  that  every  of  the  primitive  Circles  in  this  Ufe,  and  the  following 
ones,  are  fuppofed  to  be  defcribed  from  do  Degrees,  taken  off  from  the  leflerLine  of  Chords 
on  the  Scale. 

USE  II.  To  defer ibe  a  Spherical  Angle  of  any  Number  of  given  Degrees. 

1.  If  the  angular  Point  be  at  the  Center  of  the  primitive  Circle,  then  it  is  at  any  plane 
Angle,  numbring  the  Degrees  in  the  Limb  from  the  Line  of  Chords ;  for  all  Circles  paffing 
thro  the  Center,  and  which  are  at  right  Angles  with  the  Limb,  muft  be  proje&ed  into  right 
Lines. 

2.  If  the  Angle  given  is  to  be  defcribed  at  the  Periphery  of«the  primitive  Circle,  draw  a 
Diameter,  as  AC  j  then  take  the  Secant  of  the  Angle  given  in  your  Compafles,  and  fet- 
ting one  Foot  in  A,  crofs  the  Diameter  in  e  :  or  if  no  Diameter  be  drawn,  placing  one  Foot 
in  C,  and  crofting  the  former  Arc,  you  will  find  the  fame  Point  e,  which  is  the  Center  of 
the  Circle  A  a  C,  which,  with  the  Primitive,  makes  the  Angle  D  A  a  required. 

Note,  If  the  Angle  given  beobtufe,  take  the  Secant  of  its  Supplement  to  180  Degrees. 

3.  If  a  Point,  as  a,  were  affigned,  thro  which  the  Arc  of  the  Circle  conftituting  the  An- 
gle muft  pafs,  draw  the  Diameter  A  C  (as  before)  then  take  the  Secant  of  the  given  Angle, 
and  fetting  one  Foot  in  A  or  C,  ftrike  an  Arc  as  at  e ;  and  then  with  the  Secant  of  the  given 
Angle,  fetting  one  Foot  in  a,  crofs  the  other  Arc  in  e  ;  which  will  be  the  Center  of  the  ob- 
lique Circle  required. 

USE  III.  To  draw  a  great  Circle  thro  any  two  Points  given,  as  a  and  b,  within  the  primitive  one. 
fig.  14.  Draw  a  Diameter  thro  that  Point  which  is  furtheft  from  the  Center,   as  D  R,   producing 

it  beyond  the  Limb  if  there  be  Occafion ;  fet  90  Degrees  of  Chords  from  D  or  R,  to  O,  and 
draw  O  a. 

Then  erect  O  H  perpendicular  to  a  O,  and  produce  it  till  it  cuts  the  Diameter  pro- 
longed in  H  ;  that  Interferon  H  is  a  third  Point,  thro  which,  as  alfo  a  and  b,  if  a  Circle  be 
drawn,  it  will  be  a  great  Circle,  aseabg. 

Which  is  eafily  proved,  by  drawing  the  Lines  e  C  g ;  for  that  Line  is  a  Diameter,  becaufe 
its  Parts,  multiplied  into  one  another,  are  equal  to  a  c  x  C  H,  equal  to  O  C  fquared.  Per 
Prop.  35.   lib.  3.  &  Coroll.  8.  lib.  6.  Eucl. 

USE  IV.  To  draw  a  great  Circle  perpendicular  to,   or  at  right  Angles  with  another. 

Let  it  pafs  through  its  Poles,  and  it  is  done. 
Of  which  there  will  be  four  Cafes  : 

1.  To  draw  a  Circle  perpendicular  to  the  Primitive,  which  is  done  by  any  ftraitLine  paf- 
fing thro'  the  Center. 

2.  To  draw  a  Circle  perpendicular  to  a  right  Circle,  is  only  to  draw  a  Diameter  at  right 
Angles  with  that  right  Circle. 

3.  To  draw  an  oblique  Circle  perpendicular  to  a  right  one,  only  draw  a  right  Circle  that 
fhall  pafs  thro  both  the  Poles  of  fuch  a  right  Circle. 

Thus 
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Thus  the  oblique  Circle  D  C  R  is  perpendicular  to  the  right  one  O  Q,  becaufe  it  pafFes 
thro  its  Poles  D  and  R. 

4.  To  draw  an  oblique  Circle  perpendicular  to  another  :  Plate  j. 

Firft  find  P,  the  Pole  of  the  given  obliqne  Circle  C  <?B,  and  then  draw  any-how  the  Dia-Fig-  *• 
meter  DR:    fo  a  Circle,  drawn  thro  the  three  Points  D,  P,  and  R,  will    be  the  Circle   re- 
quired ;   for  parting  thro   the  Poles  of  the  oblique  Circle  C  eB>  it  muft  be  perpendicular 

to  it.  . 

U  SE  V.  To  meafure  the  Quantity  of  the  Degrees  of  any  Arc  of  a  great  Circle. 

1.  If  the  Arc  be  part  of  the  Primitive,   it  is  meafured  on  the  Line  of  Chords. 

1.  If  the  Arc  be  any  part  of  a  right  Circle,  the  Degrees  of  it  are  meafured  on  the  Scale 
of  Semi-Tangents,  fuppofing  the  Center  of  the  primitive  Circle  to  be  in  the  beginning  of 
the  Scale  ;  fo  that  if  the  Degrees  are  to  be  reckoned  from  the  Center,  you  muft  account  ac- 
cording to  the  Order  of  the  Scale  of  Half-Tangents. 

But  if  the  Degrees  are  to  be  accounted  from  the  Periphery  of  the  Primitive,  as  will  often 
happen,  then  you  muft  begin  to  account  from  the  end  of  the  Scale  of  Half-Tangents,  cal- 
ling 80,  10;  70,20,  &c. 

j.  To  meafure  any  part  of  an  oblique  Circle  ;  firft  find  its  Pole,  and  there  laying  the 
Ruler,  reduce  the  two  Extremities  of  the  Arc  required  to  the  primitive  Circle,  and  then 
meafure  the  Diftance  between  thofe  Points  on  the  Line  of   Chords. 

Thus,  in  the  laft  Figure,  if  the  Quantity  of  e  B,    an  Arc  of  the  oblique  Circle  C  e  B  be 
required,  lay  a  Ruler  to  P  the  Pole;   and  reduce  the  Points  e  B  to  the  primitive  Circle  ;  fo  Fig.  z. 
fhall  the  Diftance  between  O  and  B,  meafured  on  the  Line  of  Chords,  be  the  Quantity  of 
Degrees  contained  in  the  Arc  e  B. 

USE  VI.  To  meafure  any  Spherical  Angle. 

1.  If  the  angular  Point  be  at  the  Center  of  the  primitive  Circle,  then  the  Diftance  be- 
tween the  Legs  taken  from  the  Limb,  and  meafured  on  the  Chords,  is  the  Quantity  of  the 
Angle  fought. 

2.  If  the  angular  Point  be  at  the  Periphery,  as  A  C  B ;   here  the  Poles  of  both  Circles  be-  Fig.  i,; 
ihg  in  the  fame  Diameter,  find  the  Pole  of  the  oblique  Circle  C  B  O,   which  let  be  P  ;  then 

the  Diftance  of  B  P,  meafured  on  the  Scale  of  Half-Tangents,   is  the  Meafure  of  the  Angle 
ACB. 

For  the  Poles  of  all  Circles  muft  be  as  far  diftant  from  each  other,  as  are  the  Angles  of  the 
Inclinations  of  their  Planes. 

But  if  the  two  Poles  are  not  in  the  fame  Diameter,  being  both  found  in  their  proper  Dia- 
meter, reduce  thofe  Points  to  the  primitive  Circle  ;  and  then  the  Diftance  between  them 
there,  accounted  on  the  Line  of  Chords,  is  the  Quantity  of  the  Angle  fought. 

When  the  angular  Point  is  fomewhere  within   the   primitive  Circle,   and  yet  not  at  the  Fig.  3,' 
Center,   proceed  thus  :    Suppofe  the  Angle  a  b  C  be  fought ;  find  the  Pole  P  of  the  Circle 
a  bd,  and  then  the  Pole  of  the  Circle  e  b  c  ;    after  which  lay  a  Ruler  to  the  angular  Point, 
and  the  two  Poles  P  and  Q_,  and  reduce  them  to  the  primitive  Circle  by  the  Points  x  and  z. ; 
fo  is  the  Arc  x  z,,  meafured  on  the  Line  of  Chords,  the  Meafure  of  the  Angle  a  b  C  required. 

USE  VII.  To  draw  a  Parallel-Circle. 

1.  If  it  be  to  be  drawn  parallel  to  the  primitive  Circle,  at  any  given  Diftance,  draw  it 
from  the  Center  of  the  Primitive,  with  the  Complement  of  that  Diftance  taken  from  the 
Scale  of  Half-Tangents. 

2.  If  it  be  to  be  drawn  parallel  to  a  right  Circle  ;  as  fuppofe  a  b,  parallel  to  A  B,  was  to  Fig.  4. 
be  drawn  at  23  Deg.  30  Min.  Diftance  from  it ;  from  the  Line  of  Chords  take  23  Deg.  30 
Min.  and  fet  it  both-ways  on  the  Limb  from  A  to  a,  and  B  to  b  (or  fet  its  Complement  66 
Deg.  30  Min.  both-ways  from  P  the  Pole  of  A  B)  to  the  Points  a  and  b. 

Then  take  the  Tangent  of  the  Parallel's  Diftance  from  the  Pole  of  the  right  Circle  A  B, 
which  is  here  66  Deg.  30  Min.  and  letting  one  foot  in  rfand  b,  with  the  other  ftrike  two 
little  Arcs,  to  interfecl:  each  other  fomewhere  above  P,  which  will  give  C,  the  Center  of  the 
parallel  Circle  a  b  d  required. 

3.  If  it  be  drawn  parallel  to  an  oblique  Circle,  and  at  the  Diftance  fuppofe  of  40  Degrees  :  Fig.  fi 
Firft  find  P,  the  Pole  of  the  oblique  Circle  A  B  C,  and  then  meafure,  on  the  Scale  of 
Half-Tangents,  the  Diftance  g  P,  Which  fuppofe  to  be  34  Degrees  ;  then  add  to  it  50  De- 
grees, the  Complement  of  the  Circle's  Diftance,  it  will  make  84  Degrees  ;  and  alfo  fub- 
ftracYing  50  from  it,  or  it  from  50,  it  will  make  16  Degrees  :  Then  this  Sum  and  Difference 
taken  from  the  Scale  of  Half-Tangents,  and  fet  each  way  from  P  the  Pole  of  the  oblique 
Circle,  will  give  the  two  Extremes  a  b  of  the  Diameter,  or  the  Points  of  the  Interfection  of 
the  Parallel ;  and  then  the  middle  Diftance  between  a  and£,  is  the  Center  of  the  true  parallel 
Circle  P  a  b,  which  is  parallel  to  the  given  oblique  Circle  ABC;  and  at  the  given  Diftance 
of  40  Degrees  :  or  the  Half-Tangent  of  84,  fet  from  g,  will  give  b  ;  and  the  Half-Tangent 
of  16  Degrees,  fet  alfo  from  g,  and  the  Points  a  and  b,  the  two  Ends  of  the  parallel  Circle's 
Diameter  will  be  had. 
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USE  VIII.  To  meajure  any  projected  Arc  of  a  parallel  Circle. 
i.  If  it  be  parallel  to  the  Primitive,  then  a  Ruler,  laid  thro  the  Center  and   the  Divifion 
of  the  Limb,  will  divide  the  Parallel  into  the  fame  Degrees,  or  determine,  in  the  Limb,  the 
Quantity  of  any  Arc  parallel  to  it. 

2.  If  the  Circle  be  parallel  to  a  right  one,  as  a  d  b  is,  in  cafe  the  fecond  of  the  laft  Ufe, 
and  it  were  required  to  meafure  that  Area  b,  or  to  divide  it  into  proper  Degrees  :  Since 
that  parallel  Circle  is  66  Deg.  30  Min.  diflant  from  P,  the  nearer  Pole  of  the  right  Circle 
A  B,  and  confequently  i^Deg.  30  Min.  diftant  from  its  other  Pole;  take  the  Half- 
Tangent  of  113  Deg.  30  Min.  or  the  Tangent  of  its  half,  56  Deg.  45:  Min.  and  with  that 
Diftance,  and  on  the  Center  of  the  Primitive,  draw  a  Circle  parallel  to  the  Limb  ;  and  di- 
vide that  half  of  it,  which  lies  towards  the  oppofite  Pole  of  A  B,  into  its  Degrees  :  Then  a 
Ruler  laid  from  P,  and  the  equal  Divifions  of  that  Semicircle,  will  divide  a  b>  or  meafure 
any  part  thereof. 

3.  To  meafure  or  divide  the  Arc  of  a  Circle  which  is  proje&ed,  parallel  to  an  oblique  one. 
As  fuppofe  the  Circle  a  b,  which  is  parallel  to  the  oblique  one   ABC,  Fig  Cafe  3.  of  the 

precedent  Ufe,  and  at  the  Diftance  of  40  Degrees  ;  this  parallel  Circle  being  40  Degrees 
diflant  from  the  Plane  of  the  Circle  ABC,  muft  be  50  Degrees  diftant  from  its  Pole,  and 
confequently  130  Degrees  from  its  oppofite  Pole  :  therefore  take  the  Semi-Tangent  of  130 
Degrees,  or  the  Tangent  of  its  half,  6%  Degrees,  and  with  that,  as  a  Radius,  draw  a  Circle 
parallel  to  the  Limb  of  the  Primitive,  which  Circle  divide  into  proper  Degrees  ;  then  fhall  a 
Ruler  laid  thro  P,  and  the  equal  Divifion  of  that  Circle,  cut  the  little  Circle  a  b  into  its 
proper  Degrees,  or  truly  give  the  Meafure  of  any  part  thereof. 

Thefe  being  moft  of  the  general  Ufes  of  the  Scales  of  Lines  commonly  put  upon  Plain- 
Scales,  their  particular  Applications  in  Navigation,  Spherical  Trigonometry,  and  Aftrono- 
my,  would  take  up  too  much  room ;  therefore  I  proceed  to  Gumer's  Scale. 

As  for  its  Ufe  in  the  Projedion  of  the  Sphere,  fee  Ufes  of  the  Englifh  Settor. 

CHAP.     VII. 
Of  the  Conftruttion  and  Vfes  of  Guntei' s-ScaU. 

Fig.  6,  f  I  1  HIS  Scale  is  commonly  made  of  Box,  and  fometimes  of  Brafs,  exa&Iy  two  Foot 
_L  long  (tho  there  are  others  but  a  Foot  long,  which  are  not  fo  exa&)  about  an  Inch 
and  '-  broad,  and  of  a  convenient  Thicknefs. 

The  Lines  that  are  put  on  one  Side  of  it  are  the  Line  of  Numbers,  marked  on  the  Scale 
Numbers ;  the  Line  of  artificial  Sines,  marked  Sines ;  the  Line  of  artificial  Tangents,  marked 
"Tangents;  the  Line  of  artificial  verfed  Sines,  marked  V.  S.  fignifying  Verfed  Sines  ;  the  ar- 
tificial Sines  of  the  Rhumbs,  marked  S. R.  fignifying  the  Sines  of  the  Rhumbs;  the  artificial 
Tangents  of  the  Rhumbs,  marked  T.  R.  fignifying  Tangents  of  the  Rhumbs  ;  the  Meri- 
dian-Ljne  in  Mercator's  Chart,  marked  Merid.  fignifying  Meridian-Line  ;  and  equal  Parts, 
marked  E.  P.  fignifying  equal  Parts. 

There  are  commonly  placed  on  thefe  Scales,  that  are  but  a  Foot  long,  the  Lines  of  Latitudes, 
Hours,  and  Inclinations  of  Meridians. 

On  the  Back-fide  of  this  Scale  are  placed  all  the  Lines  that  are  put  upon  a  Plain-Scale. 

The  Lines  of  artificial  Sines,  Tangents,  and  Numbers  are  fo  fitted  on  this  Scale,  that, 
by  means  of  a  Pair  of  Companies,  any  Problem,  whether  in  right-lined,  or  fpherical  Trigo- 
nometry, may  be  folved  by  them  very  expeditioufly,  with  tolerable  Exa&nefs ;  and  there- 
fore the  Contrivance  of  thefe  Lines  on  a  Scale  is  extremely  ufeful  in  all  Parts  of  Mathema- 
ticks  that  Trigonometry  hath  to  do  with  ;  as  Navigation,  Dialling,  Aftronomy,  &c. 

Confirufiion  of  the  Line  of  Numbers. 

The  Conftruftion  of  the  Line  of  Numbers  is  thus :  Having  pitched  upon  its  Length, 
which,  on  Gumer's  Scale,  let  be  23  Inches,  take  exactly  half  that  Length,  which  will  be 
the  Length  of  either  of  the  Radius's  ;  then  take  that  half  Length,  and  divide  into  10  equal 
Parts,  one  of  which  diagonally  fubdivide  into  100  equal  Parts,  that  is,  make  a  Diagonal 
Scale  of  1000  equal  Parts  of  the  aforefaid  Half-Length,  which  may  eafily  be  done  from  our 
Author's  8th  Ufe. 

Now  having  drawn,  on  Gumer's  Scale,  three  Parallels,  for  better  diflinguifhing  the  Divi- 
fions of  the  Line  of  Numbers,  and  made  a  Mark  for  the  beginning  of  it,  half  an  Inch  from 
the  beginning-end  of  the  Scale,  look  in  the  Table  of  Logarithms  for  the  Number  200,  and 
againft  it  you  will  find  2.301030  ;  and  rejecting  the  Characteriftick  2,  and  alfo  the  three  laft 
Figures  030,  becaufe  the  Length  of  the  Radius  is  divided  but  into  1000  equal  Par;s,  take 
301  of  thofe  1000  Parts  in  your  Compaffes,  and  lay  off  that  Diftaiioe   from  the  beginning  of 
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the  Line,  at  the  end  of  which  write  2  for  the  firft  Prime.  Again,  to  find  the  Divifion  for 
the  fecond  Prime,  look  in  the  Table  of  Logarithms  for  the  Number  300,  and  againft  it  you 
will  find  2.4771 2 1 ;  and  rejecting  the  Characteriftick  2,  and  the  three  laft  Figures  121,  as  be- 
fore, take  477  from  your  Diagonal  Scale,  and  lay  off  that  Diftance  from  1  at  the  beginning,  at 
the'end  of  which  write  3  for  the  fecond  Prime.  In  this  manner  proceed  for  all  the  Primes  of 
the  firft  Radius  to  1,  which  will  be  the  whole  Length  of  your  Diagonal  Scale,  or  1000  equal 
Parts.  And  becaufe  each  of  the  Primes  of  the  fecond  Radius  are  at  the  fame  Diftance  from 
1,  at  the  end  of  the  firft  Radius,  as  the  fame  Primes,  on  the  firft  Radius,  are  diftant  from  1 
at  the  beginning,  the  Primes  on  the  fecond  Radius  are  eafily  found. 

The  Divifions  of  the  Tenths,  between  each  of  the  Primes  in  both  Radius's,  are  found 
thus  :  Look  in  the  Table  of  Logarithms  for  1 10,  and  againft  it  you  will  find  2  041393,  and 
rejecting  the  Characteriftick  2,  and  the  three  laft  Figures,  there  will  remain  41  ;  which 
taken  from  theaforefaid  Diagonal  Scale  of  1000,  will  give  the  firft  Tenth  in  the  firft  Prime. 
Again,  look  in  the  Table  for  120,  and  againft  it  you  will  find  2.07918 1  ;  and  by  rejecting 
the  Characteriftick,  and  the  three  laft  Figures,  there  will  remain  79  ;  which  taken  from  the 
Diagonal  Scale,  will  give  the  fecond  Tenth  in  the  firft  Prime.  Proceed  thus  for  all  the 
Tenths  in  the  firft  Primes  of  both  Radius's.  And  to  find  the  Tenths  in  the  fecond  Primes 
of  both  Radius's,  look  in  the  Table  for  the  Number  210,  and  againft  it  you  will  find 
2.322219,  whence  rejecting  as  before,  you  will  have  322,  which  laid  off  from  the  beginning 
of  the  firft  Prime,  will  give  the  firft  Tenth  in  the  fecond  Prime.  Again,  to  find  the  fecond 
Tenth  in  the  fecond  Prime,  look  for  the  Number  220,  and  againft  it  you  will  find  2.342423, 
whence  by  rejecting,  as  before,  you  will  have  342  for  the  fecond  Tenth,  in  the  fecond  Prime. 
In  like  manner  may  the  Tenths  in  all  the  Primes  of  both  Radius's  be  found. 

To  find  every  two  Centefms  in  the  firft  Prime  of  the  fecond  Radius,  look  for  the  Num- 
ber 102  in  the  Table  of  Logarithms,  and  againft  it  you  will  find  2.008600,  and  by  rejec- 
ting, as  at  firft,  you  will  have  8  for  the  fecond  Centefm.  Again,  look  in  the  Table  for  104, 
and  proceed  as  before,  and  you  will  have  17  for  the  third  Centefm.  In  like  manner  you 
may  have  every  fecond  Centefm  in  the  firft,  and  alfo  the  Second  Primes  of  the  fecond  Radius. 

Note,  In  bifecting  every  of  the  two  Centefms  in  the  firft  Prime,  Centefms  will  be  had- 
Note  alfo,  that  the  third,  fourth,  and  fifth  Primes,  cannot  be  divided  into  every  two  Cen- 
tefms, but  only  into  every  five,  becaufe  of  the  Smallnefs  of  the  Divifions. 

ConflruBion  of  the  Line  of  artificial  Sines  and  'Tangents. 

The  Line  of  artificial  Sines  on  Gunter's  Scale,  is  nothing  but  the  Logarithms  of  the  natu~ 
ral  Sines,  tranflated  from  the  Tables  of  artificial  Sines  and  Tangents,  almoft  in  the  fame 
Manner  as  the  Logarithms  of  the  natural  Numbers  was ;  the  Method  of  doing  which  is  thus  : 

Having  drawn  three  Parallels  under  the  Line  of  Numbers  for  diftinguifhing  the  Divifions 
of  the  Line,  and  marked  a  Point  exactly  half  an  Inch  from  the  beginning-end  of  the  Scale, 
reprefenting  the  beginning  of  the  Line  of  Sines,  look  in  the  Tables  of  artificial  Sines  and 
Tangents,  for  the  Sine  of  40  Minutes,  which  is  the  firil  Subdivifion  of  the  Line,  and  it  will 
be  found  8.065776' :  then  rejecting  the  Characteriftick  8,  and  the  three  laft  Figures  776,  as 
in  the  Conftruction  of  the  Line  of ;  Numbers,  the  65  remaining,  muft  be  taken  on  the  fame 
Scale  of  1000  Parts,  as  ferved   before  for  the  Line  of  Numbers ;  this   65  laid  off  from  the 
beginning  of  the  Line  of  Sines,  will  give  the  Divifion  on  the  Line  of  Sines  for  40  Minutes. 
Again,  to  make  the  next  Divifion  which  is  for  50  Minutes,   feek  in  the  Table  for  the  Sine 
of  50  Minutes,  which  will  be  found  8.i<52<58i ;  then  rejecting  the  Characteriftick  8,  and  the 
three  laft  Figures  681,  take  the  Remainder  162,  from  your  Scale  of  1000  Parts,  and  lay  it 
off  from  the  beginning  of  the  Line,  and  that  will  give  the  Divifion  for  50  Minutes.     More- 
over, to  make  the  Divifion  for  1  Degree,  feek  the  Sine  of  1  Degree,  which  is  8.241855,  and 
rejecting  as  before,  take  the  Remainder  241  from  the  Scale  of  1000,  and  lay  it  off  from  the 
beginning  on  the  Line  of  Sines,  which  will  give  the  Divifion  for  1  Degree.     Proceed  thus  for 
the  other  Degrees  and  Minutes  to  90 ;  only  take  notice,  that  when  you  come  to  5  Degrees, 
50  Minutes,  the  Parts  to  be  taken  off  the  Scale  are  more  than    1000,  and  confequently 
longer  than  the  Scale  itfelf.    In  that  Cafe  you  muft  make  a  Mark  in  the  Middle  of  the  Line 
of  Sines  ;  from  which  lay  off  all  the  Parts  found  above  1000,  for  the  Degrees  and  Minutes  : 
As,  to  make  the  Divifion  for  6  Degrees,  the  Sine  of  which  is  9.019235,  the  Parts   to  be  ta- 
ken off  the  Scale  will  be  1019  ;  therefore  lay  off  19  from  the  middle  Point,  reprefenting  1000, 
and  the  Divifion  for  6  Degrees  will  be  had.     Proceed  in  the  fame  manner  for  the  Line  of 
artificial  Tangents,  till  you  come  to  45  Degrees,  whofe  Length  is  equal  to  Radius ;  and  the 
Divifions  for  the  Degrees  and  Minutes  above  45,  which  ftiould  go  beyond  45,  are  fet  down 
by  their  Complements  to  90.    For  Example,  the  Divifion  of  40  Degrees  hath  its  Complement 
50  fet  to  it,  becaufe  the  proper  equal  Parts  taken  off  the  Scale  of  1000  to  make  the  Divifion, 
for  the  Tangent  of  50  Deg.  will  be  as  much  above  ioco  (which  are  the  equal  Parts  for  the 
Tangent  of  45  Degrees,  to  -be  laid  off  from  the  middle  of  the  Line  of  Tangents)  as  the 
equal  Parts  for  the  Divifion  of  the  Tangent  of  40  Degrees  wants  of  1000;  an  Example  of 
which  will  make  it  manifeft  :  The  Tangent  of  40  Degrees  is  9.924813,  and  by  rejecting  the 
Characteriftick,  and  the  three  laft  Figures,  the  Parts  of  1000,  viz,.  924  taken  from  1000,  and 
there  remains  76,  which  are  the  Parts  that  the  Tangeift  of  40  Degrees  is  diftant  from  the 
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Tangent  of  45  Degrees.  Again,  the  Tangent  of  50  Degfees  is  10  0761 26,  and  by  rejec- 
ting the  Characteriftick,  and  the  three  lad  Figures,  the  Parts  y6  above  1000,  for  the  Di- 
vision of  the  Tangent  of  50  Degrees,  which  muft  fall  beyond  45  Degrees,  are  equal  to  the 
Parts  that  the  Divifion  of  40  Degrees  wants  of  1000.  Underltand  the  fame  for  the  Tan- 
gent of  any  other  Degree,  or  Minute,  and  its  Complement  :  the  Reafon  of  this  is,  becaufe- 
Radius  is  a  mean  Proportional  between  any  Tangent  and  its  Complement. 

The  Conftruction  of  the  artificial  Sines  of  the  Rhumbs,  and  quarter  Rhumbs,  is  deduced 
from  a  Coniideration  that  the  firft  Rhumb  makes  an  Angle  of  n  Deg.  15  Min.  with  the 
Meridian;  the  fecond,  22  Deg.  30  Min.  the  third,  33  Deg.  45  Min-  the  fourth,  45  Deg.  &c. 
therefore  to  make  the  Divifion  on  Gunter's  Scale,  for  the  rirft  Rhumb,  take  the  Extent  of 
the  artificial  Sine  of  11  Deg.  15  Min.  on  the  Scale,  and  lay  it  off  upon  the  Line  drawn  to 
contain  the  Divifions  of  the  Line  of  Rhumbs,  and  that  will  give  the  Divifion  for  the  firft 
Rhumb.  Again  ;  take  the  Extent,  on  the  Line  of  artificial  Sines,  of  the  Sine  of  22.30  Min. 
and  lay  it  off  in  the  fame  manner  as  before,  and  you  will  have  the  fecond  Rhumb  :  proceed 
thus  for  all  the  other  Rhumbs.  The  Divifions  for  the  half  Rhumbs,  and  quarter  Rhumbs, 
are  alfo  made  in  the  famemanrfer:  the  Divifions  of  the  artificial  Tangents  of  the  Rhumbs, 
are  made  in  the  fame  manner  as  the  Divifions  of  the  artificial  Sines  of  the  Rhumbs,  bv  taking 
the  artificial  Tangents  of  the  feveral  Angles  that  the  Rhumbs  and  quarter  Rhumbs  make 
with  the  Meridian. 

The  ConfiruElion  of  the  Line  of  artificial  vers'd  Sines. 
This  Line,  which  begins  at  about  11  Deg.  45  Min.  and  runs  to  i8d  Deg.  which  is  ex- 
actly under  90  of  the  Line  of  Sines  (tho  on  the  Scaie  they  are  numbered  backwards  ;  that  is, 
to  the  vers'd  Sine  of  each  10  Degrees  above  20,  are  fet  the  Numbers  of  their  Complements 
to  182,  for  a  Reafon  hereafter  fhewn)  may  be  thus  made,  by  means  of  the  Table  of  Suies, 
and  the  aforefaid  equal  Parts.  Suppofe  the  Divifion  for  the  verfed  Sine  of  15  Degrees  be  to 
be  made.  Take  half  15  Degrees,  which  will  bek7d.  3oms  the  Sine  of  which  doubled  will  be 
18.231395,  and  by  fubftracting  the  Radius  therefrom,  you  will  have  8.231396;  and  rejec- 
ting the  three  laff  Figures,  and  the  Characteriftick,  there  will  remain  231  ;  this  231  taken 
from  your  Scale  of  1000,  and  laid  oft  from  a  Point  directly  under  the  beginning  of  the  Line 
of  Sines,  will  give  the  Divifion  for  the  verfed  Sine  of  15  Degrees,  at  which  is  fet  165,  viz.. 
the  Complement  of  i5d  to  i8od.  Again ;  to  make  the  Divifion  for  20  Degrees  ;  twice  the 
Sine  of  10  Degrees,  (its  half)  will  be  18.479340;  from  which,  fubftracting  Radius,  and 
rejecting  the  Characteriftick,  and  the  three  lait  Figures,  you  will  have  479 ;  which  taken 
from  your  Scale,  and  laid  off  from  the  beginning  of  the  Line,  will  give  the  Divifion  for  the 
verfed  Sine  of  20  Degrees.  And  in  this  manner  may  the  Line  of  verfed  Sines  be  divided  to 
180  Degrees,  by  obferving  what  I  have  faid  in  the  Conftruction  of  the  Line  of  Sines. 

The  Manner  of  projecting  the  Lines  of  Numbers,  artificial  Sines  and  Tangents,  in  Circles,  and 

Spirals  of  any  Number  of  Revolutions. 

Fig.  ?.  Suppofe  the  Circle  B  C  is  to  be  divided  into  a  Line  of  Numbers  of  but  one  Radius ;  firft, 

divide  the  Limb  into  1000  equal  Parts,  beginning  from  the  Point  G ;  then  take  301  of  thofe 
Parts,  which  fuppofe  to  be  at/;,  and  lay  a  Ruler  from  the  Center  A,  on  the  faid  Point  py 
and  that  will  cut  the  Periphery  of  the  Circle  B  C  in  the  Point  for  the  Log.  of  2.  Again  ; 
take  477  Parts  upon  the  Limb,  and  a  Ruler  laid  from  the  Center  upon  the  faid  Divifion,  will 
cut  the  Circle  B  C  in  the  Point  for  the  Log.  of  the  Number  3  :  and  thus  by  taking  the  pro- 
per Parts  upon  the  Limb,  from  the  Point  G,  which  were  before  direded  to  be  ufed  in  di- 
viding this  Line  upon  the  Scale ;  and  laying  a  Ruler  from  the  Center,  may  the  Line  of  Num- 
bers be  projected  upon  the  Circle  B  C.  And  in  the  fame  manner  may  the  Lines  of  artificial 
Sines  and  Tangents  be  projected,  from  the  Sine  of  5d  45™,  and  Tangent  of  5d  42111  to  the 
Sineof9od,  and  the  Tangent  of  45a,  by  taking  (as  before  directed  in  the  Conftruction  of 
the  ftraight  Lines  of  Sines  and  Tangents)  the  Parts  of  1000  for  the  Degrees  and  Minutes, 
and  laying  them  off  upon  the  Limb  from  the  Point  G,  and  then  laying  a  Ruler  from  the 
Center,   which  wrill  divide  the  Circles  into  Lines  of  Sines  and  Tangents. 

Fig.  S.  Now  to  project  a  Line  of  Numbers  upon  the  Spiral  of  Fig.  8.  having  four  Revolutions,  or 

Turns  ;  firft,  divide  the  Limb  into  1000  equal  Parts,  beginning  from  the  Point  G  ;  then  take 
301,  which  is  the  Log.  of  the  Number  2  (when  the  Characteriftick,  and  the  three  laft  Figures 
are  rejected)  and  multiply  it  by  4,  becaufe  the  Spiral  hath  four  Revolutions,  and  the  Product 
is  1204  :  then  if  204  of  the  Parts  of  1000,  be  taken  upon  the  Limb  from  G  to  p,  and  a  Ru- 
ler be  laid  from  the  Center  A  to  p,  it  will  cut  the  fecond  Revolution  of  the  Spiral  in  the 
Point  for  the  Number  2.  Again  ;  having  multiply'd  477,  the  Log.  of  the  Number  3,  by  4, 
the  Product  will  be  1908 ;  whence,  taking  908  Parts  from  the  Point  G  on  the  Limb,  to 
the  Point  q,  lay  a  Ruler  from  A  to  q,  and  that  will  cut  the  fecond  Revolution  of  the  Spiral, 
in  the  Point  for  the  Number  3.  Moreover,  multiply  602  by  4,  and  the  Product  will  be 
2408  ;  whence  take  408  Parts  upon  the  Limb  from  G,  and  laying  a  Ruler  from  A,  it  will 
cut  the  third  Revolution  of  the  Spiral  in  the  Point,  for  the  Number  4  :  and  in  thus  proceed- 
ing may  the  Spiral  be  divided  into  a  Line  of  Numbers,  whofe  beginning  is  at  the  Point  C,  and 
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End  at  the  Point  B.  This  being  uriderftood,  it  will  be  no  difficult  Matter  to  project  the 
Sines  and  Tangents  in  a  Spiral  of  any  Number  of  Revolutions. 

In  ufing  either  the  Circular  or  Spiral  Lines  of  Numbers,  Sines,  and  Tangents,  there  is 
an  opening  Index  placed  in  the  Center  A,  confiding  of  two  Arms ;  the  one  called  the  ante- 
cedent Arm,  and  the  other  the  confequent  Arm  ;  then  three  Numbers,  Sines,  or  Tangents 
being  given,  to  find  a  fourth.  If  you  move  the  antecedent  Arm  to  the  firft,  and  open  the 
other  Arm  to  the  fecortd  (the  two  Arms  keeping  the  fame  Opening)  and  afterwards  the  an- 
tecedent Arm  be  moved  to  the  third,  the  confequent  Arm  will  fall  upon  the  fourth  re- 
quired. 

But,  Note,  that  as  many  Revolutions  of  the  Spiral  as  the  fecond  Term  is  diftant  from  the 
firft,  fo  many  Revolutions  will  the  fourth  Term  be  diftant  from  the  third. 

Of  the  Meridian  Line. 

The  Meridian  Line,  on  Gumer's  Scale,  is  nothing  but  the  Table  of  Meridional  Parts  in 
Mercator's  Projection  transferred  on  a  Line,  which  may  be  done  in  the  following  manner, 
by  help  of  the  Line  of  equal  Parts  fet  under  it,  and  a  Table  of  Meridional  Parts. 

Take  any  one  of  the  large  Divifions  of  the  aforefaid  Line  of  equal  Parts,  whofe  Length  Fig,  9, 
let  be  A  B,  and  divide  it  into  fix  equal  Parts  upon  fome  Plane  ;  at  the  Points  A  B  raiie  the 
Perpendiculars  AC,  B  D,  equal  to  A  B,  and  compleat  the  Parallelogram  A  B  D  C ;  divide 
the  Sides  A  C,  BD,  into  ten  equal  Parts,  and  the  Side  D  C  into  lix,  draw  the  Diagonals 
A  F,  10  20,  &c.  as  per  Figure,  and  you  will  have  a  Diagonal  Scale,  by  which  any  part 
of  the  aforefaid  Divifion  under  63  may  readily  be  taken. 

Now  to  make  the  Divifions  of  the  Meridian  Line,  look  in  the  Table  of  meridional  Parts 
for  1  Degree,  and  againft  it  you  will  find  60  :  and  rejecting  the  laft  Figure,  which  in  this 
Cafe  is  o,  take  fix  equal  Parts  from  tne  aforementioned  Diagonal  Scale,  and  lay  it  off  on  the 
Meridian  Line,  which  will  give  the  Divifion  for  one  Degree.  Again,  to  find  the  Divifion 
for  2  Degrees,  feek  in  the  Table  of  Meridional  Parts,  for  the  Parts  againft  2  Degrees,  and 
they  will  be  found  120:  whence  rejecting  the  laft  Figure  (which  always  muft  be  done) 
take  12  from  your  Scale,  and  lay  it  off  from  the  beginning  of  the  Meridian  Line,  and  the 
Divifion  for  2  Degrees  will  be  had.  Moreover,  to  find  the  Divifion  for  1 1  Degrees,  you 
will  find  anfwering  to  it  664  ;  and  rejecting  the  laft  Figure,  the  remainder  will  be  66,  which 
muft  be  laid  off  from  the  beginning  or  the  Meridian  Line  to  have  the  Divifion  for  1 1  De- 
grees. But  becaufe  66  cannot  be  taken  from  tiie  D.agonal  Scale,you  muft  take  only  6  from  it  ; 
and  for  the  60,  take  its  whole  Length,  or  elfe  lay  off  the  6  from  the  End  of  the  firft  Divifion 
of  the  Line  of  equal  Parts,  and  the  Divifion  for  1 1  Degrees  will  be  had.  In  this  manner 
may  the  Meridian  Line  be  divided  into  Degrees  and  every  thirty  Minutes,  as  it  is  upon 
the  Scale. 

There  are  feveral  other  ways  of  dividing  this  Meridian  Line,  but  let  this  fuffice. 

The  Ufe  of  this  Line  is  to  project  a  Mercator's  Chart. 

Projection  of  the  Line  of  Latitudes  and  Hours. 

Upon  the  end  A,  of  the  Diameter  of  the  Circle,  erect  a  Line  of  Sines  at  right  Angles,  of  Fig,  10, 
the  Length  of  the  Diameter  ;  then  from  the  Point  B,  the  other  end  of  the  Diameter,  draw 
right  Lines  to  each  Degree  of  that  Line  of  Sines,  cutting  the  Quadrant  A  C.  Now  hav- 
ing drawn  the  Chord-Line  A  C,  which  is  to  be  the  Line  of  Latitudes;,  fet  one  foot  of  your 
CompaiTes  upon  the  Point  A,  and  with  the  other  transfer  the  Interferons  made  by  the  Lines 
drawn  from  B,  on  the  Quadrant,  to  the  Chord-Line  A  C,  by  means  or*  which  it  will  be  di- 
vided into  a  Line  of  Latitudes.  Or  the  Line  of  Latitudes  may  be  made  by  this  Canon,  viz,. 
As  Radius  is  to  the  Chord  of  go  Deg.  fo  is  the  Tangent  of  any  Degree,  to  another  Tangent, 
the  natural  Sine  of  whofe  Arc,  taken  from  a  Diagonal  Scale  of  equal  Parts,  will  give  the 
Divifion,  for  that  Degree,  on  the  Line  of  Latitudes,  and  fo  for  any  other  Degree. 

Again  ;  to  graduate  the  Line  of  Hours,  draw  the  Tangent  G  H  equal  to  the  Diameter 
A  B,  and  parallel  thereto ;  then  divide  each  of  the  Arcs  of  half  the  Quadrants  A  K,  K  B, 
into  three  Parts,  for  the  Degrees  of  every  Hour  from  12  to  6,  which  muft  again  be  each 
fubdivided  into  Halfs,  Quarters,  &c.  then  if  thro'  each  of  the  aforefaid  Divifions  and  Sub- 
divisions, Lines  be  drawn  from  the  Center,  cutting  the  Tangent  Line  G  H,  they  will  di- 
vide the  faid  Line  into  a  Line  of  Hours. 

As  for  the  Line  of  Inclination  of  Meridians,  ufually  put  upon  Scales,  it  is  nothing  but 
the  Line  of  Hours  numbered  with  Degrees  inftead  of  Time  ;  and  the  Lines  of  the  Style's 
Height,  and  Angle  of  1 2  and  6,  fometimes  put  upon  Scales,  are  made  from  Tables  of  the 
Style's  Height,  CTc.  and  no  otherwife  ufed. 

Whence  the  Line  of  Hours  is  but  two  Lines  of  natural  Tangents  to  45  Degrees,  each  fet 
together  at  the  Center,  and  from  thence  beginning  and  continued  to  each  End  of  the  Dia- 
meter, and  from  one  End  thereof,  numbered  with  go  Deg.  to  the  other  End;  and  may  other- 
wife  be  thus  divided  :  Let  A  B  be  the  Radius  of  a  Line  of  Tangents,  C  D  another  Radius  Fig.  u, 
equal  and  parallel  thereto,  and  C  B  the  Diameter  to  either  of  the  faid  Radius's,  which  is 
to  be  divided  into  a  Line  of  Hours.  Now  if  right  Lines  are  drawn  from  the  Point  D,  to 
every  Degree  of  the  Tangent-Line  A  B,  thofe  Lines  will  divide  GB,   half  of  the  Line  of 
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Hours,  as  required  ;  and  Lines  drawn  from  the  Point  A,  to  every  Degree  of  the  Tangent 
C  D,  will  divide  the  other  half  of  C  B  :  therefore  from  the  fimilar  Triangles  CDF,  EFB, 
it  will  be  as  the  Radius  C  D  is  to  the  Tangent  E  B  of  any  Arc  under  45  :  fo  is  C  F  to  F  B  ; 
that  is,  as  Radius  is  to  the  Tangent  of  any  Arc  under  45  Degrees,  fo  is  Radius  plus  the 
fig.  12.  Cotangent  of  the  faid  Arc  to  45  Degrees,  to  Radius  lefs  the  faid  Cotangent,  as  in  Fig.  12. 
As  the  Radius  A  B,  to  the  Tangent  B  C  of  any  Arc,  fo  is  AB-f  EG,  toAB-EG: 
for  call  A  B,  r  ;  and  B  C,  b  ;  and  from  the  Point  C,  draw  C  F  parallel  to  E  G,    and  make 

B  D  equal  to  A  B.  Then  DF  (=±FC)=>/  rr  —  zrb  +  bb,  and  A  F  =  Jr  r-f  2  r  b-\-bb  : 

2 2 

Whence  as  A  F  :  (jrr-{-  2  rb~-\-b  b^  \  F  C  (  si  r  r  —  2  rb -\- b  b*)  :  :  A  B    (?)   :  E  G 

2  2 

therefore  it  will  be  A  B  :  (r)  •  B  C  (b)  •  :    AB-f  EG    QzcQl  :  A  B~ 

Thus  having  given  the  Conftru&ion  of  the  Lines  on  Gurnet's  Scale,  I  now  proceed  to 
fhew  their  manner  of  ufing  ;  but,  Note,  thefe  Lines  are  alfo  put  upon  Rulers  to  Aide  by 
each  other,  and  are  therefore  called  Sliding-Gunters,  fo  that  you  may  ufe  them  without  Com- 
pares ;  but  any  Peribn  that  underftands  how  to  ufe  them  with  Compafles,  may  alfo,  by  what 
I  have  faid  of  Everard's  and  Cnggefhali's  Sliding-Rules,  ufe  them  without. 

USE  (?/  the  Lines  of  Numbers,  Sizzes,  and  cTa?igents. 

U  S  E  I.  The  Bafe  of  a  right-angled  right-lined  Triangle  being  given  3  o  Miles,  and  the  oppofite 
Angle  to  it  26  Degrees,  to  find  the  Length  of  the  Hypothenufe. 
As  the  Sine  of  the  Angle,  26  Degrees,  is  to  the  Bafe,  30  Miles,  fo  is  Radius  to  the 
Length  of  the  Hypothenufe.  Set  one  Foot  of  your  Compafles  upon  the  2<5th  Degree  of  the 
Line  of  Sines,  and  extend  the  other  to  30  on  the  Line  of  Numbers  ;  the  Compafles  re- 
maining thus  opened,  fet  one  Foot  on  90  Degrees,  or  the  End  of  the  Line  or  Sines,  and 
caufe  the  other  to  fall  on  the  Line  of  Numbers,  which  will  give  <58  Miles  and  about  a  half, 
for  the  Length  of  the  Hypothenufe  fought. 

USE  II.  The  Bafe  of  a  right-angled  Triangle  being  given  25  Miles,  and  the  Perpendicular  15,  to 

find  the  Angle  oppojite  to  the  Perpendicular. 
As  the  Bafe  25  Miles  is  to  the  Perpendicular  15:  Miles,  fo  is  Radius  to  the  Tangent  of 
the  Angle  fought ;  becaufe  if  the  Bafe  is  made  Radius,  the  Perpendicular  will  be  the  Tan- 
gent of  the  Angle  oppofite  to  the  Perpendicular.  Extend  your  Compafles  on  the  Line  of 
Numbers,  from  15,  the  Perpendicular  given,  to  25,  the  Bafe  given,  and  the  fame  Extent 
will  reach  the  contrary  way,  on  the  Line  of  Tangents,  from  45  Degrees  to  3 1  Degrees,  the 
Angle  fought. 

USE  III.  The  Bafe  of  a  right-angled  Triangle  being  given,  fuppofe  20  Miles,  and  the  Angle  oppo- 
fite to  the  Perpendicular  5  o  Degrees,  to  find  the  Perpendicular. 

As  Radius  is  to  the  Tangent  of  the  given  Angle  50  Degrees,  fo  is  the  Bafe  20  M  les  to 
the  Perpendicular  fought.  Extend  your  Compafles  on  the  Line  of  Tangents,  from  the  Tan- 
gent or  45  Degrees  to  the  Tangent  of  50  Degrees,  and  the  fame  Extent  will  reach  on  the 
Line  of  Numbers  the  contrary  way,  from  the  given  Bafe  20  Miles,  to  the  required  Perpen- 
dicular, about  23  s  Miles. 

Note,  The  Reafon  why  the  Extent  on  the  Line  of  Numbers  was  taken  from  20  to  23  I  for- 
wards, is,  becaufe  the  Tangent  of  5  o  Degrees  (as  I  have  already  mentioned  in  the  Con- 
flruction  of  the  Line  of  Tangents)  fhould  be  as  far  beyond  the  Tangent  of  45  Degrees,  as 
its  Complement  40  Degrees  wants  of  45  Degrees. 

USE  IV.  The  Bafe  of  a  right-angled  Triangle  being  given,  fuppofe  3  5  Miles,  and  the  Perpendicu- 
lar 48  Miles  ;  to  find  the  Angle  oppojite  to  the  Perpendicular. 
As  the  Bafe  3  5  Miles  is  to  the  Perpendicular  48  Miles,  fo  is  Radius  to  the  Tangent  of 
the  Angle  fought.  Extend  your  Compafles  from  35,  on  the  Line  of  Numbers,  1048  ;  the 
fame  Extent  will  reach  the  contrary  way  on  the  Line  of  Tangents,  from  the  Tangent  of  45 
Degrees,  to  the  Tangent  of  35  Degrees  5  Minutes,  or  53  Degrees  55  Minutes;  and  to 
know  which  of  thofe  Angles  the  Angle  fought  is  equal  to,  confider  that  the  Perpendicular 
of  the  Triangle  is  greater  than  the  Bafe  ;  therefore  (becaufe  both  the  Angles  oppofite  to  the 
Perpendicular  and  Bafe  together  make  90  Degrees)  the  Angle  oppofite  to  the  Perpendicular 
will  be  greater  than  the  Angle  oppofite  to  the  Bafe,  and  confequently  the  Angle  53  Degrees 
55  Minutes,  will  be  the  Angle  fought. 

USE 
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U  S  E  V.  The  Hjpothenufe  of  a  right-angled  Spherical  Triangle  being  given,  fuppofe  60  Degrees, 
and  one  of  the  Sides  20  Degrees ;  to  find  the  Angle  oppofite  to  that  Side. 
As  the  Sine  of  the  Hypothenufe  60  Degrees  is  to  Radius,  fo  is  the  Sine  of  the  given 
Side  20  Degrees,  to  the  Sine  of  the  Angle  fought.  Extend  your  Compafles,  on  the  Line  of 
Sines,  from  60  Degrees  to  Radius  or  90  Degrees,  and  the  fame  Extent  will  reach  on  the 
Line  of  Sines  the  fame  way,  from  20  Degrees,  the  given  Side,  to  23  Degrees  10  Minutes^, 
the  Quantity  of  the  Angle  fought. 

USE  VI.  The  Courfe  and  Diftance  of  a  Ship  given  ;  to  find  the  Difference  of  Latitude  and 

Departure. 

Suppofe  a  Ship  fails  from  the  Latitude  of  50  Deg.    10  Min.  North,  S.  S.  \V.  48.5  Miles  ! 
As  Radius  is  to  the  Diftance  failed  48.5  Miles,  fo  is  the  Sine  of  the  Courfe,  which  is  two 
Points,  or  the  fecond  Rnumb,  from  the  Meridian,  to  the  Departure.     Extend  your  Compaf- 
fes  from  8,  on  the  artificial  Sine  Rhumb-Line,   to  48  5  on  the  Line   of  Numbers  ;  the  fame 
Extent  will  reach  the  fame  way  from  the  fecond  Rhumb,  on  the    Line  of  artificial   Sines  of 
the  Rhumbs,  to   the  Departure  Welling  18.6  Mies.     Again,  as  Radius   is  to  the  Diftance 
failed  48. 5  Miles,  fo  is  the  Co-Sine  of  the  Courfe  6j  Deg.  30  Min.  to  the  Difference  of  La- 
titude.    Extend  your  Compafles  from  Radius,    on  the  Line  of  Sines,   to 48. 5  Miles   on  the 
Line  of  Numbers  ;  the  fame  Extent  will  reach  the  fame  way,  from  6j  Deg.  30  Min.   on  the 
Line  of  Sines,  to  448  on   the  Line  of  Numbers  j    which  converted  into  Degrees,   by  allow- 
ing 60  Miles  to  a  Degree,  and  fubftrafted  from  the   given  North-Latitude  50  Deg.  10  Min. 
leaves  the  Remainder  40  Deg.   25  Min.  the  prefent  Latitude. 

USE    VII.  The  Difference  of  Latitude  and  Departure  from  the  Meridian  being  given  ;  to  find 

the  Courfe  and  Diftance. 

A  Ship,  from  the  Latitude  of  '59  Deg.  North,  fails  North-Eaftward  till  fhe  has  altered 
her  Latitude  1  Deg.  io  Min.  or  70  Miles,  and  is  departed  from  the  Meridian  57.5  Miles ; 
to  find  the  Courfe  and  Diftance. 

As  the  Difference  of  Latitude  70  Miles  is  to  Radius,  fo  is  the  Departure  57.5  Miles  to 
the  Tangent  of  the  Courfe  $9  Deg.  20  Min.  or  three  Points  and  a  half  from  the  Meridian. 
Extend  your  Compafles  from  the  fourth  Rhumb,  on  the  Line  of  artificial  Tangents  of  the 
Rhumbs,  to  70  Miles  on  the  Line  of  Numbers:  the  fame  Extent  will  reach  from  57.5  on 
the  Line  of  Numbers,  to  the  third  Rhumb  and  a  half  on  the  Line  of  artificial  Tangents  of 
the  Rhumbs.  Again  ;  as  the  Sine  of  the  Courfe  39  Deg.  20  Min.  is  to  the  Departure  57.5 
Miles,  fo  is  Radius  to  the  Diftance  90.6  Miles.  Extend  your  Compafles  from  the  third 
Rhumb  and  a  half,  on  the  artificial  Sines  of  the  Rhumbs,  to  57.5  Miles  on  the  Line  of 
Numbers,  and  that  Extent  will  reach  from  the  Sine  of  the  eighth  Rhumb,  on  the  Sines  of 
the  Rhumbs,  to  90.6  Miles  on  the  Line  of  Numbers. 

USE  »/  the  Line  of  Verfed  Sines. 

The  three  Sides  of  an  oblique  Spherical  Ttiangle  being  given,  to  find  the  Angle  oppofite  to  the 

greateft  Side. 

Suppofe  the  Side  A  B  be  40  Degrees,  the  Side  B  C  60  Degrees,  and  the  Side  A  C  96  De-  Fig.  15. 
grees,  to  find  the  Angle  ABC.     Firft  add  the  three  Sides  together,  and   from  half  the  Sum 
fubftract  the  greater  Side  A  C,  and  note  the  Remainder ;    the    Sum   will   be  196  Degrees, 
half  of  which  is  98  Degrees ;  trom  which  fubftracting   96  Degrees,  the  Remainder  will  be 
two  Degrees. 

This  done,  extend  your  Compafles  from  the  Sine  of  90  Degrees,  to  the  Sine  of  the  Side 
A  B  40  Degrees  ;  and  applying  this  Extent  to  the  Sine  of  the  other  Side  B  C  60  Degrees, 
you  will  find  it  to  reach  to  a  fourth  Sine  about  34  Degrees.  Again  ;  from  this  fourth  Sine 
extend  your  Compafles  to  the  Sine  of  half  the  Sum,  that  is,  to  the  Sine  of  72  Degrees,  the 
Complement  of  98  Degrees  to  180,  and  this  fecond  Extent  will  reach  from  the  Sine  of  the 
Difference  2  Degrees,  to  the  Sine  of  3  Deg.  24  Min.  againft  which,  on  the  Verfed  Sines, 
ftands  151  Deg.  50  Min.  which  is  the  Quantity  of  the  Angle  fought. 

That  the  Reafon  of  this  Operation  may  appear,  it  is  demonftrated  in  molt  Books  of  Tri- 
gonometry, that  as  Radius  is  to  the  Sine  of  A  B,  fo  is  the  Sine  of  B  C  to  a  fourth  Sine ; 
then  as  this  fourth  Sine  is  to  Radius,  fo  is  the  Difference  of  the  verfed  Sines  of  A  C  and 
AB-f-BC  to  the  Verfed  Sine  of  the  Complement  of  the  Angle  A  B  C  to  180  Degrees.  It 
is  alfo  demonftrated,  that  as  Radius  is  to  the  Sine  of  half  the  Sum  of  any  two  Arcs,  fo  is  the 
Sine  of  half  their  Difference  to  half  the  Difference  of  the  Verfed  Sines  of  thefe  two  Arcs  : 
whence,  if  the  Sine  of  A  B  be  called  a,    the  Sine  of  B  C,  b,   and   the  Sine  of  A  C,  c,    the 

fourth  Sine  in  the   firft  Analogy  will  be  had  ;  in  faying,  as  r:  a-.-.b  : — .     Now  to  get  the 

Difference  of  Verfed  Sines  of  A  C,and  AB-f  BC,let  us  call  the  Sine  of  AB-j-BC-f  AC  ^ 

2    • 

and 
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and  the  Sine  of  A  B -f  BC— AC   ^  then  aSr:p::q:  PJ>  which  laft  Term  will  be  half 


the  Difference  of  the  verfed  Sines  of  A  C,  and  A  B  -f-  B  C  :  therefore  if    we  again  fay,  as 

ll .     .  .  3lA^  :   2  r  ¥  %  this  laft  Term  will  be  the  verfed  Sine  of  the  Complement  of  the 
y   '     '  '      r  a  b 

Angle  ABC:  To  find  which  at  two  Operations,  you  mull  fay,  As  r :  a  :  :  b  :  —  ;  then  as 


a—  :  p  : :  q  :  "  -i  which  laft  Term,  multiplied  by  2,  will  be  the  verfed  Sine  Complement 
r  nb 

fought.  But  to  avoid  multiplying  by  2,  the  verfed  Sines  on  Scales  are  fitted  from  this  Pro- 
portion, viz*.  As  Radius  is  to  half  the  Sine  of  an  Arc,  fo  is  half  the  Sine  of  the  fame  Arc, 
to  half  the  verfed  Sine  of  that  Arc. 

U  S  E  of  the  Line  of  Latitudes  and  Hours. 

Thefe  Lines  are  conjointly  ufed,  in  readily  pricking  down  the  Hour-Lines  from  the  Sub- 
ftyle, in  an  Ifofceles  Triangle,  on  any  kind  of  upright  Dials,  having  Centers  in  any  given 
Latitude  ;  that  is,  by  means  of  them  there  will  be  this  Proportion  worked,  viz,.  As  Radius 
is  to  the  Sine  of  the  Style's  Height,  fo  is  the  Tangent  of  the  Angle  at  the  Pole,  to  the 
Tangent  of  the  Hour-Lines  Diftance  from  the  Subftyle. 

Now  fuppofe  the  Hour-Lines  are  to  be  pricked  down  upon  an  upright  Declining-Plane, 
declining  25  Deg.  Eaftwards  :  Firft  draw  C  12  the  Meridian,  perpendicular  to  the  Horizon- 
Fig.  14..  tal  Line  of  the  Plane,  and  make  the  Angle  F  C  12  equal  to  the  Subftyle's  Diftance  from  the 
Meridian,  and  draw  the  Line  F  C  for  the  Subftyle.  This  being  done,  draw  the  Line  BA 
perpendicular  to  the  faid  Subftyle,  paffing  thro  the  Center  C  ;  then  out  of  your  Line  of 
Latitudes  fet  off  C  A,  C  B,  each  equal  to  the  Style's  Height,  and  fit  in  the  Hour-Scale, 
fo  that  one  End  being  at  A,    the  other  may  meet  with  the  Subftyle  Line  at  F. 

Now  fet  the  Difference  between  30  Deg.  47  Min.  the  Inclination  of  Meridians,  and  30 
Degrees,  the  next  Hour's  Diftance  lefter  than  the  faid  30  Deg.  47  Min.  and  the  Difference  is 
47  Minutes,  that  is,  3  Minutes  in  time  ;  then  count  upon  the  Line  of  Hours, 

j .  I  And  make  Points  at  the  Ter- 
I    minations,   to  which  draw- 
>from  FtD    "<    ing  Lines  from  the  Center 
J    C,  they  fhall  be  the  Hour- 
Lines  on  one  Side. 
3     ^ 

Again,  fitting  in  the  Hour-Scale  from  B  to  F,  count  from  that  End  at  B,  the  former  Arcs 
of  Time. 

Hours.  Min. 

00     03I  4  rAnd  make  Points  at  the  Ter- 

13  5:  J    minations,  thro  which  draw 

2  3  .  r  t>      6j    Lines  from  the  Center  C,and 

3  3  1  7  j    they  will  be  the  Hour-Lines 

4  3  I  8      on  the  other  Side  the  Sub- 

5  3  j  91  ftyle. 

You  nmft  proceed  thus  for  the  Halfs  and  Quarters,  in  getting  the  Difference  between  the 
Half-Hour  next  leffer  (in  this  Example  22  Deg.  30  Min.)  under  the  Arc  of  Inclination  of 
Meridians;  the  Difference  is  1  Deg.  17  Min.  which  in  time  is  33  Minutes,  to  be  continu- 
ally augmented  an  Hour  at  a  time,  and  fo  be  pricked  off,  as  before  was  done  for  the  whole 
Hours. 

If  the  Hour-Scale  reach  above  the  Plane,  as  at  B,  fo  that  B  C  cannot  be  pricked  down  ; 
then  may  an  Angle  be  made  on  the  upper  Side  of  the  Subftyle,  equal  to  the  Angle  F  C  A 
on  the  under  Side,  and  thereby  the  Hour-Scale  laid  in  its  due  Pofition,  having  firft  found 
the  Point  F  on  the  Subftyle. 

That  the  Reafon  of  the  conjoint  Ufe  of  thefe  Lines,  in  pricking  off  the  Hour-Lines  from 
the  Subftylar-Line  may  appear  ;  let  us  fuppofe  A  C  to  be  the  Subftylar-Line,  A  the  Center 
Fig.  15.  of  a  Dial,  B  A  a  Portion  of  the  Line  of  Latitudes,  at  right  Angles  to  A  C,  and  B  C  the 
Line  of  Hours  fitted  thereto.  Now  if  C  D  be  the  Quantity  of  any  Arc  taken  on  the  Line  of 
Hours,  and  a  right  Line  be  drawn  from  the  Center  A  thro  the  Point  D,  the  Angle  F  A  C 
will  be  the  fame,  as  that  found  by  faying,  As  Radius  is  to  the  Sine  of  the  Number  of 
Degrees  pricked  off  upon  the  Line  of  Latitudes  (that  is,  to  the  Sine  of  the  Style's  Height) 
from  A  to  B  ;  fo  is  the  Tangent  of  that  Number  of  Degrees  pricked  oft  from  C  to  D  on 
the  Line  of  Hours   (that  is,  the  Tangent  of  the  Angle  at  the  Pole)  to  another  Tangent, 

whole 


Hours.  Min 

0 

3"^ 

1 

3 

2 

3> 

3 

3  f 

4 

3  1 

5 

3J 
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whofe  Arc  will  be  equal  to  F  A  C  ("that  is,  to  the  Tangent  of  the  Diftance  of  the  Hour- 
Line  A  F  from  the  Subftyle.) 

Now  to  prove  this,  it  is  evident,  from  the  Conftru&ion  of  the  Line  of  Latitudes,  that 
as  the  Radius  B  C  is  to  the  Sine  B  G  of  an  Arc  ;  fo  is  A  C  to  A  B  :  whence  if  A  C  be  fup- 
pofed  Radius,  B  A  is  the  Sine  of  the  Arc  pricked  down  from  the  Line  of  Latitudes. 

Again,  from  the  Nature  of  the  Line  of  Hours  ;  if  C  D  be  taken  for  the  Tangent  of  an 
Arc,  B  D  will  be  the  Radius  thereto.  This  being  evident,  let  C  E  be  the  Tangent  of  the 
Angle  F  A  C,  then  the  Triangles  BAD,  DEC,  will  be  fimilar ;  whence  as  the  Radius 
B  D  is  to  B  A,  the  Sine  of  an  Arc  j  fo  is  C  D,  the  Tangent  of  an  Arc,  to  E  C,  the  Tan- 
gent of  the  Angle  F  A  C. 
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The  ConflruBion  and  Ufes       Book  II. 


O    O    K     II. 

Of  the  ConflruBion  and  Ufes  of  the   S  E  C  T  O  R. 

C  H  A  P.     I. 

Of  the  ConflruBion  of  the  Se&or. 


H  E  Se&or  is  a  Mathematical  Inftrument,  whofe  Ufe  is  to  find  the  Pro- 
portion betw  een  Quantities  of  the  fame  kind  ;  as  between  one  Line  and 
another,  between  one  Superficies  and  another,  between  one  Solid  and  an- 
other, &c. 

This  Inftrument  is  made  of  two  equal  Rules,  or  Legs,  of  Silver,  Brafs, 
Ivory,  or  Wood,  joined  to  each  other  by  a  Rivet,  fo  worked,  as  to  render 
its  Motion  regular  and  uniform.  To  do  which,  firft  make  two  Slits  with 
a  Saw,  about  an  Inch  deep,  at  one  End  of  one  of  the  Rules,  in  order  to 
fit  therein  the  Head-Pieces,  which  muft  be  well  rivetted.  Afterwards  the  Head  muft  be 
rounded,  by  filing  off  the  Superfluities,  in  fuch  manner,  that  the  Middle-Piece  and  Head- 
Pieces  may  be  even  with  each  other.  Then  to  find  the  Center  of  the  Rivet,  fet  one  Foot  of 
your  Compafles  at  the  bottom  of  the  Middle-Piece,  and  mark  with  the  other  Foot  four  Sec- 
tions in  the  middle  of  the  Rivet,  by  opening  the  Middle-Piece  of  the  Joint  to  four  or  more 
different  Angles,  and  the  Middle-Point  of  thofe  Sections  will  be  the  Center  of  the  Rivet, 
and  confequently  alfo  the  Center  of  the  Sector.  This  being  done,  a  Line  muft  be  drawn  up- 
on the  Rule  from  the  Center,  near  the  inward  Edge,  by  which  Line  the  inward  Edge  of  the 
Rule  muft  be  filed  ftrait  ;  the  inward  Edge  of  the  other  Rule  being  alfo  made  ftrait,  and 
flit,  to  receive  the  Middle-Piece,  you  muft  cut  away  its  Corner  in  an  Arc,  fo  as  it  may 
well  fit  the  Joint,  and  then  rivet,  with  three  or  four  little  Rivets,  the  Rule  to  the  Middle- 
Piece  ;  by  which  means  the  two  Legs  may  eafily  open  and  fhut,  and  keep  at  any  Opening 
required.  But  Care  muft  be  taken  that  the  Legs  are  filed  very  flat,  and  do  not  twift  ;  Care 
muft  alfo  be  taken  that  the  Se&or  be  well  center'd,  that  is,  that  being  entirely  opened,  both 
Infide  and  Outfide,  may  make  a  right  Line,  and  that  the  Legs  be  very  equal  in  Length  and 
Breadth  ;  in  a  word,  that  it  be  very  ftrait  every  way.  Note,  The  Length  and  Breadth  of 
the  aforefaid  Rules  are  not  determinate,  but  they  are  commonly  fix  Inches  long,  three  quar- 
ters of  an  Inch  broad,  and  about  one  quarter  in  Thicknefs. 

There  are  commonly  drawn  upon  the  Faces  of  this  Inftrument  fix  kind  of  Lines  ;  viz,. 
the  Line  of  equal  Parts,  the  Line  of  Planes,  and  the  Line  of  Polygons  on  one  Side  ;  the  Line 
of  Chords,  the  Line  of  Solids,  and  the  Line  of  Metals  on  the  other. 

There  is  generally  placed,  near  the  Edge  of  the  Sector,  on  one  Side,  a  divided  Line, 
whofe  Ufe  is  to  find  the  Bores  of  Cannons  ;  and  on  the  other  Side,  a  Line  fhewing  the  Dia- 
meters and  Weights  of  Iron-Bullets,  from  one  Quarter  to  64  Pounds,  whofe  Conftru&ion 
and  Ufes  we  fhallgive,  in  fpeaking  of  the  Inftruments  belonging  to  the  Artillery. 
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SECTION    I. 

Of  the  Line  of  Equal  'Parts. 

THIS  Line  is  fo  called,  becaufe  it  is  divided  into  equal  Parts,  whofe  Number  is  com-  piate  $. 
monly  200,  when  the  Sector  is  fix  Inches  long.  Fig.  1. 

Having  drawn  upon  one  of  the  Faces  of  each  Leg  the  equal  Lines  A  B,  A  B,  from  the  Cen- 
ter of  the  Joint  A  :  Firft,  divide  them  into  two  equal  Parts,  each  of  which  will  confequent- 
ly  be  100  ;  then  each  of  thofe  Parts  being  again  divided  into  two  equal  Parts,  and  each  Part 
ariung  will  be  50  j  then  divide  each  of  thefe  laft  Parts  into  five  others,  and  each  Part  produced 
will  be  10  ;  and  finally  dividing  each  of  thefe  new  Parts  into  2,  and  each  of  thefe  laft  into 
five  equal  Parts,  and  by  this  means  the  Lines  A  B,  A  B,  will  be  each  divided  into  soo 
equal  Parts,  every  5  of  which  muft  be  diftinguifhed  by  fhort  Strokes,  and  every  10  num- 
bered from  the  Center  A  to  200,  at  the  other  End. 

Now  becaufe  the  two  other  Lines,  drawn  upon  the  fame  Faces  of  each  Leg,  muft  ter- 
minate in  the  Center  A,  the  Extremity  B  of  the  Line  of  equal  Parts  muft  be  drawn  as  near 
as  poffible  the  outward  Edges  of  each  Leg,  that  fo  there  may  be  Space  enough  left  to  draw 
the  Line  of  Planes  in  the  middle  of  the  Breadth  of  the  faid  Legs,  and  the  Line  of  Polygons 
near  their  inward  Edges  ;  but  Care  muft  be  taken,  in  drawing  of  thefe  Lines,  that  each 
one,  and  its  Fellow,  be  equally  diftant  from  the  interior  Edges  of  each  Leg,  as  may  be  feen 
in  the  Figure. 

SECTION    II. 

Of  the  Line  of  Planes. 

THIS  Line  is  fo  called,  becaufe  it  contains  the  homologous  Sides  of  a  certain  Number 
of  fimilar  Plane?,  Multiples  of  a  fmall  one,  beginning  from  the  Center  A  ;  that  is,  whofe 
Surfaces  are  double,  triple,  quadruple,  &c.  that  fmall  Plane,  from  Unity,  according  to  the 
natural  Order  of  Numbers,  to  64,  which  is  commonly  the  greateft  Term  of  the  Divifions, 
denoted  upon  the  Line  A  C. 

This  Line  may  be  divided  two  ways,  both  of  which  are  founded  upon  Prop.  20.  lib.  6. 
Eucl.  which  demonftrates,  That  fimilar  Plane  Figures  are  to  each  other,  as  the  Squares  of 
their  homologous  Sides.  The  firft  way  of  dividing  this  Line  is  by  Numbers,  and  the  fecond 
without  Numbers,  as  follows  : 

Having  drawn  the  Line  A  C,  from  the  Center  A,  upon  each  Leg  of  the  Sedor  j  firft  di- 
vide it  into  eight  equal  Parts,  the  firft  of  which,  next  to  the  Center  A,  which  reprefents 
the  Side  of  the  leaft  Plane,  hath  no  need  of  being  drawn.  The  fecond  Divifion  from  the 
Center,  which  is  double  the  firft,  is  the  Side  of  a  fimilar  Plane  quadruple  the  leaft  Plane, 
(whofe  Side  is  fuppofedone  of  the  eight  Parts  the  Line  A  C  is  divided  into)  becaufe  the  Square 
of  2  is  4.  The  third  Divifion,  which  is  three  times  the  firft,  is  the  Side  of  a  fimilar  Plane, 
nine  times  greater  than  the  firft,  becaufe  the  Square  of  3  is  9.  The  fourth  Divifion,  which 
is  four  times  the  firft,  and  confequently  half  of  the  whole  Scale,  is  the  Side  of  a  fimilar 
Plane,  fixteen  times  greater  than  the  firft,  becaufe  the  Square  of  4  is  16.  Laftly,  the  eighth 
Divifion,  which  is  eight  times  the  firft,  is  the  Side  of  a  fimilar  Plane,  fixty  four  times  grea- 
ter, becaufe  the  Square  of  8  is  64. 

There  is  fomething  more  to  do  to  find  the  homologous  Sides  of  Planes  that  are  double, 
triple,  quadruple,  &c.  of  the  firft.  For  you  muft  have  a  Scale  divided  into  1000  equal  Parts,  ^„  lt 
(as  that  whofe  Conftru&ion  we  have  already  given  in  Book  I.)  whofe  Length  muft  be  equal 
to  the  Line  A  C  ;  and  becaufe  the  Side  of  the  leaft  Plane  is  |  of  the  Line  A  C,  it  will  con- 
fequently be  i  of  1000,  which  is  125.  Again,  to  have  in  Numbers  the  Side  of  a  Plane 
double  the  leaft,  the  fquare  Root  of  a  Number  twice  the  Square  of  125  muft  be  found. 
This  Square  is  15525,  which  doubled  is  31250,  the  Square  Root  of  which  is  about  177, 
the  Side  of  a  fimilar  Plane  double  the  leaft,  whofe  Side  is  fuppofed  to  be  125.  Moreover, 
to  have  the  Side  of  a  Plane  three  times  the  firft,  the  fquare  Root  of  a  Number  three  times 
the  Square  of  the  firft  muft  be  found.  The  Number  is  46875,  and  its  Root,  which  is  a- 
bout  216,  is  the  Side  of  a  fimilar  Plane  three  times  the  leaft,  and  fo  of  others  ;  therefore  by 
laying  off  from  the  Center  A,  upon  the  Line  of  Plans,  177  Parts  of  the  aforefaid  Scale, 
you  will  have  the  Length  of  the  Side  of  a  fimilar  Plane  double  the  leaft  Plane.  Again,  lay- 
ing off  216  Parts  of  the  fame  Scale  from  the  Center  A,  the  Length  of  the  Side  of  a  fimilar 
Plane  will  be  had,  which  is  three  times  the  leaft  Plane. 

According  to  the  aforefaid  Directions  the  following  Table  is  calculated,  that  fhews  the 
Number  of  equal  Parts  which  are  contained  in  the  homologous  Sides  of  all  the  fimilar  Planes 
that  are  double,  triple,  quadruple,  &c.  of  a  Plane  whofe  Side  is  125,  to  the  Plane  64,  that 
is,    which  contains  it  64  times,  and  whofe  Side  is  1000. 
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A  TABLE  for  dividing  the  Li?ie  of  'Planes. 


I 

I25  | 

17 

5*5 

33 

718  1 

49 

50 

i 

875 1 

2 

177 

18 

530 

34 

729 

884 

3 

216 

19 

545 

35 

739 

51 

892 

± 

250 

20 

559 

Ld 

750 

52 

901 1 

5 

279 

21 

573 

37 

760 

53 

910 1 

6 

306 

2  ** 

58d 

38 

770 

54 

918 

7 

330 

23 

599 

39 

780 

55 

927 

8 

_3_n 

24 

612 

40 

790 

L6 

935 

9 

375 

25 

625 

41 

800 

57 

944 

IO 

395 

26 

*37 

42 

810 

58 

952 

ii 

414 

27 

650 

43 

819 

59 

950 

12 

433 

28 

661 

44 

829 

60 

968 

13 

450 

2$> 

673 

45 

839 

61 

976 

14 

467 

30 

684 

46 

848 

52 

984 

!5 

484 

31 

696 

47 

857 

^3 

992 1 

16 

500  1 

32 

707     48 

8d6 

64 

1000 1 

Each  of  the  ten  Divifions  which  the  Scale  of  1000  Parts  contains,  is  100  ;  and  each  of  the 
Fig, -2.  Subdivifions  of  the  Line  A  Bis  10  :  therefore  if  it  is  to  be  ufed  for  dividing  any  of  the  Lines 

of  the  Sector ;  as,  for  Example,  the  Line  of  Planes  ;  take  on  the  Scale  a  Line  denoting  the 
Hundreds,  and  the  Excefs  above  muft.  be  taken  in  the  Space  between  the  Points  A  B  : 
As  to  denote  the  firft  Plane,  to  which  the  Number  125  anfwers,  place  your  Compaffes  on 
the  fifth  Line  of  the  Space  marked  100,  and  open  them  to  the  Diftance O  P  ;  in  the  fame 
manner,  if  the  Plane  50  is  to  be  denoted,  to  which  the  Number  884  anfwers,  for  800  take 
the  8th  Space  of  the  Scale,  and  for  84  take  in  the  Space  A  B,  the  Interfeftion  of  the  8th 
Tranfverfal,  with  the  fourth  Parallel,  which  will  be  the  Diftance  N  L. 
Fig.  j.  The  Line  of  Planes  may  otherwife  be  divided  in  the  following  manner  without  Calcula- 

tion, founded  on  Prop.  47.  lib'.  1.  End.  Make  the  right-angled  Ifofceles  Triangle  KM  N, 
whofe  Side  K  M,  or  K  N,  let  be  equal  to  the  Side  of  the  leaft  Plane,  and  then  the  Hypo- 
thenufe  M  N  will  be  the  Side  of  a  fimilar  Plane  double  to  it ,•  therefore  having  laid  off  with 
•your  Compaffes  the  Diftance  M  N,  on  the  Side  |K  L  produced,  from  K  to  2,  the  Length 
K  2  will  be  the  Side  of  a  Plane  double  the  leaft  Plane.  In  like  manner  lay  off  the  Diftance 
M  2,  from  K  to  3,  the  Line  K  3  will  be  the  Side  of  a  Plane  triple  the  firft.  Again,  lay  off 
the  Diftance  M  3,  from  K  to  4,  the  Line  K  4  (twice  K  M)  will  be  the  Side  of  a  Plane  four 
times  greater,  that  is,  which  will  contain  the  leaft  Plane  four  times  ;  and  fo  of  others3as  may 
be  feen  in  the  Figure. 

SECTION    III. 

Of  the  Line  of  Polygons. 

This  Line  is  fo  called,  becaufe  it  contains  the  homologous  Sides  of  the  firft  twelve  regular 
Polygons  infcribed  in  the  fame  Circle,  that  is,  from  an  equilateral  Triangle  to  a  Dodecagon. 

The  Side  of  the  Triangle  being  the  greateft  of  all,  muft  be  the  whole  Length  of  each  of 
the  Legs  of  the  Se&or  ;  and  becaufe  the  Sides  of  the  other  regular  Polygons,  infcribed  in 
the  fame  Circle,  ftill  diminifh  as  the  Number  of  Sides  increafe,  the  Side  of  the  Dodecagon  is 
leaft,  and  confequently  muft  be  nigheft  the  Center  of  the  Sector. 

Now  fuppofing  the  Side  of  a  Triangle  to  be  a  thoufand  Parts,  the  Length  of  the  Sides  of 
every  of  the  other  Polygons  muft  be  found  ;  and  becaufe  the  Sides  of  regular  Polygons,  in- 
fcribed in  the  fame  Circle,  are  in  the  fame  Proportion  as  the  Chords  of  the  Angles  of  the  Cen- 
ter of  each  of  the  Polygons,  it  is  neceifary  to  fhew  here  how  to  find  the  faid  Angles. 

To  do  which,  divide  3  <5o  Deg.  by  the  Number  of  the  Sides  of  any  Polygon,  and  the 
Quotient  will  give  the  Angle  of  the  Center. 

If,  for  Example,  the  Angle  of  the  Center  of  a  Hexagon  is  required,  divide  3<5b  Deg.  by 
6,  and  the  Quotient  will  be  60  ;  which  fhews  that  the  Angle  of  the  Center  of  a  Hexagon  is 
60  Deg.  If  likewife  the  Angle  of  the  Center  of  a  Pentagon  be  required,  divide  360  Deg. 
by  5,  the  Number  of  Sides,  and  the  Quotient  will  be  72  ;  which  fhews  that  the  Angle  of  the 
Center  of  a  Pentagon  is  72  Deg.  and  fo  of  others. 

The  Angle  of  the  Center  being  known,  if  it  be  fubftra&ed  from  180  Degrees,  the  Re- 
mainder will  be  the  Angle  of  the  Polygon  :  As,  for  Example,  the  Angle  of  the  Center  of  a 

Pentagon 
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Pentagon  being  72  Degrees,  the  Angle  of  the  Circumference  will  be  108  Degrees,  and  (o  of 
others,  as  may  be  feen  in  the  following  Table. 

Regular  Polygons-  Angles  of  the  Center.       Angles  at  the  Circumference. 

Degrees.  Degrees. 

Triangle.           — 120.            60. 

Square. 90.              ■  90. 

Pentagon.            * 72.             • 108. 

Hexagon.             -* 60.     Min.     120.      Min. 

Heptagon.             ■                51.       26.        128.       34. 

Oftogon.  ■    -             45.             135. 

Nonagon.             40.            140. 

Decagon.            —        3d.             144. 

Undecagon.           —  32.  44.           —  147.       i<5» 

Dodecagon.           30.              — 150. 

Now  to  find  in  Numbers  the  Sides  of  the  regular  Polygons  infcribed  in  the  fame  Circle  i 
Having  fuppofed  that  the  Side  of  the  equilateral  Triangle  is  1000  equal  Parts,  inftead  ot 
the  Chords  of  the  Angles  of  the  Center,  take  their  Halves,  which  are  the  Sines  of  half  the 
Angles  at  their  Centers,  and  make  the  following  Analogy. 

For  Example,  to  find  the  Side  of  the  Square,  fay,  As  the  Sine  of  60  DegreeSj  half  the 
Angle  of  the  Center  of  the  equilateral  Triangle,  is  to  the  Side  of  the  fame  Triangle,  fup- 
pofed 1 000  ;  fo  is  the  Sine  of  45  Degrees  half  the  Angle  of  the  Center  of  the  Square,  to  the 
Side  of  the  fame  Square,  which,  by  calculating,   will  be  found  816. 

And  in  this  manner  are  the  following  Tables  of  Polygons  conftructed. 

'the  Side  of  an  equilateral  triangle  t  denoted  on  the  Equal  Parts. 

Se&or  by  the  Number         —  3.  1000. 

Of  a  Square  by  the  Number         >—     4.  — 81 6. 

Of  the  Pentagon  by  the  Numb.             5,  678. 

Of  the  Hexagon  by  the  Numb.            6.  >  577. 

Of  the  Heptagon  by  the  Numb.          7.  • — ■ —  501. 

Of  the  O&agon  by  the  Numb.            8.  — —  442. 

Of  the  Nonagon  by  the  Numb.            9.  iw  "  ■  *  39  j. 

Of  the  Decagon  by  the  Numb.           ia.  — —  357. 

Of  the  Undecagon  by  the  Numb.        11.  325. 

Of  the  Dodecagon  by  the  Numb.       12.  "  199- 

We  have  neglected  the  Fractions  remaining  after  the  Calculation  in  this  Table,  as  in  all 
others  ;  as  being  but  thoufandth  Parts,  which  are  not  confiderable.  : 

Thofe  that  will  not  denote  an  equilateral  Triangle  upon  the  Sector,  becaufe  of  the  Facility 
of  defcribing  it,  and  which  confequently  begin  at  the  Square,  ufe  the  following  Table,  where- 
in the  Side  of  the  Square  is  fuppofed  1000  Parts. 

Another  table  of  Polygons.  Parts 

Square.  — —  ■■            1000. 

Pentagon.  —       831. 

Hexagon.  ■  7°7° 

Heptagon.             — —       613. 

O&agon.  540. 

Nonagon.  •  —    484. 

Decagon.  437. 

Undecagon.  308. 

Dodecagon.                 "  —    366. 

To  make  the  Line  of  Polygons  upon  the  Sector  (the  fame  Scale  of  1 000  equal  Parts  be- 
ing ufed,  as  that  for  making  the  Line  of  Planes)  you  mult  lay  off  from  the  Center  A,  upon 
both  the  Lines  A  D,  the  Number  of  Parts  exprefled  in  the  Table,  that  thereby  the  Num- 
bers 3,  4, 5,  &c.  may  be  graved  upon  the  Seftor,  fignifying  the  Numbers  of  the  Sides  of  the 
regular  Polygons. 
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SECTION     IV. 

Of  the  Line  of  Chords. 

THIS  Line  is  fo  named,  becaufe  it  contains  the  Chords  of  all  the  Degrees  of  a  Semi- 
circle, whofe  Diameter  is  the  Length  of  that  Line,  which  is  denoted   upon   the  other  Sur- 
face of  each  Leg  ot  the  Sector,  from  che  Point  A,  which  is   the  Center  of  the  Joint,  to  the 
Fig.  4.  end  F  of  each  Leg  ;  fo  that  the  two  Lines  A  F  are  exactly  equal,    and  equidiflant  from   the 

interior  Edges  of  th:  Sector. 

Note,  The  Line  of  Chords  muft  be  drawn  directly  under  the  Line  of  equal  Parts,  becaufe 
of  fome  Operations  that  require  a  Correfpondenee  between  thofe  two  Lines. 

It  is  alio  'proper  for  the  Line  of  Solids  to  be  drawn  under  the  Line  of  Planes,    and  the 
Line  of  Metals  under  the  Line  of  Polygons. 
Fig.  3.  For  the  Divifion  of  the  aforefaid  Line  A  F,  defcribe  a  Semicircle,  whofe  Diameter  let  be 

equal  to  it,  which  divide  into  180  Degrees  ;  afterwards  lay  off  the  Lengths  of  the  Chords 
of  all  thofe  Degrees  upon  the  Diameter  of  the  Semicircle  ;  then  lay  the  Diameter  of  the  Se- 
micircle upon  the  Legs  of  the  Sector,  and  mark  upon  them  Points  that  reprefent  the  Degrees 
of  the  Semicircle,  every  fifth  of  which,  diftinguifh  by  fhort  Strokes,  and  every  tenth  by 
Numbers,  beginning  from  the  Point  A,  and  going  on  to  F. 

The  fame  Degrees  may  otherwife  be  denoted,  upon  the  Line  of  Chords,  by  help  of  Num- 
bers, in  fuppofing  the  Semidiameter  of  a  Circle,  or  the  Chord  of  180  Degrees,  to  be  1000 
equal  Parts  ;  all  of  which  Numbers  may  be  found  ready  calculated  in  the  common  Tables  of 
Sines  :  for  inftead  of  the  Chords,  there  is  no  more  to  do  but  to  take  their  halves,  which  are 
the  Sines  of  half  their  Arcs.  As  for  Example  ;  inftead  of  the  Chord  of  10  Degrees,  the  Sine 
of  5  mult  be  taken ;  and  becaufe  the  Calculation  in  Tables  is  made  for  a  Radius  of  100000 
Parts,  the  two  laft  Numbers  muft  be  taken  away,  as  may  be  feen  in  the  following  Table, 
where  the  Chords  of  all  the  Degrees  to  180  are  denoted. 

Note,  This  Divifion  is  made  with  a  Scale  of  1000  Parts. 

J  T  A  B  I*  E  for  the  Line  of  Chords. 
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SECTION   V. 

Of  the  Li7ze  of  Solids. 

THIS  Line  is  fo  called,  becaufe  it  contains  the  homologous  Sides  of  a  certain  Number 
of  fimilar  Solids,  Multiples  of  a  lefler  from  Unity,  according  to  the  natural  Order  of  Nu. 
bers,  to  64,  which  is  commonly  the  greateft  of  the  Divifions  of  this  Line,  which  is  marked  Fig-  4» 
A  H,  next  to  the  Line  of  Chords. 

To  make  the  Divifions  upon  it,  the  Scale  of  1000  Parts  mull  be  ufed,  and  the  Side  of  the 
64th  and  greateft  Solid  muft  be  fuppofed  1000  equal  Parts  ;  then  becaufe  the  Cube-Root  of 
64  is  4,  and  the  Cube-Root  of  1  is  1,  it  follows  that  the  Side  of  the  64th  Solid  is  quadru- 
ple the  Side  of  the  firft  and  leaft  Solid,  which  confequently  will  be  250,  becaufe  (per  Prop. 
33.  lib.  11.  End.)  fimilar  Solids  are  to  each  other,  as  the  Cubes  of  their-  homologous  Sides. 

The  Number  500  (twice  250)  is  the  Side  of  the  eighth  Solid,  that  is,  of  a  Solid  eight 
times  as  great  as  the  firfl  :  becaufe  the  Cube  of  2,  which  is  8,  is  eight  times  the  Cube  of 
Unity. 

Likewife  the  Number  750,  which  is  three  times  25:0,  is  the  Side  of  the  27th  Solid;  be- 
caufe the  Cube  of  3,  which  is  27,   is  27  times  the  Cube  of  Unity. 

There  are  more  Calculations  required  to  find  the  Sides  of  Solids  double,  triple,  quadru- 
ple, &c.  the  firft,  which  cannot  exactly  be  expreiTed  in  Numbers,  becaufe  their  Roots  are 
incornmenfurable  ;  nevertheiefs  they  may  be  fufficiently  approached  for  Ufe,  by  the  following 
Method. 

For  Example ;  to  find  the  Number  expreffing  the  Side  of  a  Solid,  twice  the  firft  and  leaft  : 
its  Side  250  muft  be  cubed,  which  is  15625000  ;  then  this  Number  mult  be  doubled,  and 
the  Cube-Root  of  it  extracted,  which  will  be  almoft  315,  for  the  Side  of  a  Solid  double  the 
firft.  To  have  the  Side  of  a  Solid  triple  the  firft,  the  faid  Cube  muft  be  tripled,  and  its  Cube= 
Root,  which  is  360,  will  be  the  Side  of  a  Solid  triple  the  firft  ;  and  fo  of  others,  as  may  be 
feen  in  the  following  Table. 

rJ  TABLE  for  the  Line  of  Solids* 
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The  Sides  of  all  thefe  Solids  being  thus  found  in  Numbers,  they  are  denoted  on  the  Line 
of  Solids,  by  laying  off  from  the  Center  A  the  Parts  which  they  contain,  taken  upon  the 
Scale. 

SECTION    VI. 

Of  the  Line  of  Metals. 

THIS  Line  is  fo  named,  becaufe  it  is  ufed  to  find  the  Proportion  between  the  fix  Me- 
tals, of  which  Solids  may  be  made. 

It  is  placed  upon  the  Legs  of  the  Sector,  hard  by  the  Line  of  Solids,  and  the  Metals  are  Fig.  4. 
figured  thereon  by  the  Characters,  which  have  been  appropriated  to  them   by  Chymifts  and 
Natural  ifts. 

The  Divifion  of  this  Line  is  founded  upon  Experiments  that  have  been  made  of  the  diffe«? 
rent  Weights  of  equal  Mafies  of  each  of  thefe  Metals,  from  whence  their  Proportions  are 
calculated,  as  in  the  following  Table. 
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J T  ABLE  for  the  Line  of  Metals.  Jdvertifmem. 

Gold  0  y^o,  'That  of  all  the  fix  Metals  which  has  the  leaft 

Lead  1?  853.  Weight,    which  is  Tin,   is  marked  at  the  End 

Silver  )  895.  of  each  Leg  (as  A  G)  at  a  Diftance  from  the 

Brafs  §  937.  Center,  equal  to  the  Length  of  the  Scale  of 

Iron  $  974.  1000  Parts  ;  and  the  other  Metals   nigher  the 

Tf|n  %  1000.  faid  Center  (each  according  to   the  Numbers 

which  correfpond  with  them)  taken  upon  the 
fame  Scale. 
Becaufe  moft  of  the  aforementioned  Lines,  marked  on  the  Sector,  are  divided  by  means  of 
the  Scale  of  1000  equal  Parts,  it  is  requifite  that  they  be  exaftly  equal  between  themfelves 
and  to  the  (aid  Scale ;  therefore  becaufe  they  all  center  in  one  Point  (which  is  the  Center 
of  the  Joint)  they  muft  all  be  terminated  at  the  other  End  by  an  Arc,  made  upon  the  Sur- 
face of  each  of  the  Legs. 

It  is  not  always  neceffary  to  divide  the  Sector  by  the  Methods  we  have  given  ;  for,  to 
make  them  fooner,  prepare  a  Ruler  of  the  fame  Length,  Breadth,  and  Thicknefs  as  the 
Sector,  and  draw  upon  it  the  fame  Lines  we  have  already  prefcribed  :  then  with  a  Beam- 
Gompafs  transfer  the  fame  Divifions  upon  the  Sector,  having  firft  drawn  upon  it  the  Lines  to 
contain  them. 

SECTION    VII. 

Containi?ig  the  Proofs  of  the  Six  Lines  commonly  put  upon  the  Setlor. 

The  Pro'of  of  the  Line  of  equal  Parts, 
The  Divifion  of  this  Line  is  fo  eafy,  that  there  is  no  need  of  any  other  Proof,  but  to 
examine,  with  your  Companies,  whether  the  two  correfpondent  Lines,  drawn  upon  the  Legs 
of  the  Sector,  are  very  equal,  and  equally  divided  ;  which  may  be  known  by  taking  be- 
tween your  Compaffes  (whofe  Points  let  be  very  fharp)  any  Number  at  pleafure  of  thofe 
equal  Parts,  beginning  any  where  :  for  if  the  Line  of  equal  Parts  be  well  divided,  by  carry- 
ing that  fame  Opening  of  your  Compafles  on  the  faid  Line,  the  two  Points  will  always  con- 
tain between  them  the  fame  Number  of  equal  Parts  upon  either  of  the  Legs,  reckoning  from 
the  Center,  or  from  any  other  Point  of  Divifion. 

The  Proof  0$  the  Line  of  Chords. 

The  Method  before  explained  will  not  ferve  to  know  whether  the  Line  of  Chords  be  well 
divided,  becaufe  the  Divifions  are  not  equal :  the  Chord  of  10  Degrees,  for  Example,  is 
greater  than  half  that  of  20  ;  likewife  the  Chord  of  20  Degrees  is  greater  than  the  half  of 
that  of  40  Degrees,  and  fo  on  :  fo  that  the  Divifions  are  greater  towards  the  Center  of  the 
Seclor,  than  towards  the  Ends  of  its  Legs,  as  is  manifeft  from  the  Nature  of  the  Circle. 
But  becaufe  we  have  given  two  Methods  for  dividing  the  Line  of  Chords,  one  by  help  of 
Numbers,  and  the  other  by  means  of  the  Chords  of  Arcs,  one  of  thefe  Methods  will  ferve 
to  prove  the  other. 

But  there  is  ftill  another  Method,  which  is  this  :  Take  at  pleafure,  on  the  Line  of  Chords, 
two  Numbers  equally  diftant  from  120  Degrees;  as  for  Example,  no  and  130,  which  are 
each  10  Degrees  diftant  from  it ;  the  firft  in  Defect,  and  the  laft  in  Excefs:  Then  take  in 
your  CompafTes  the  Diftance  of  the  two  Numbers  no  and  130,  which  muft  be  equal  to  the 
Chord  of  1  o  Degrees,  or  to  the  Diftance  of  the  Point  10,  upon  the  Line  of  Chords,  from 
the  Center  of  the  Sector- 

You  will  find,  by  the  fame  means,  that  the  Diftance  between  100  and  140  Degrees,  is 
equal  to  the  Chord  of  20  Degrees;  as  likewife  the  Diftance  between  90  and  150  is  equal  to 
the  Chord  of  30  Degrees,  which  is  the  Number  by  which  120  exceeds  90,  and'by  which  156 
exceeds  120,  and  fo  of  others,  as  may  eafily  be  noted  by  the  aforegoing  Table  of  Chords, 
where  you  may  fee  (for  Example)  the  Number  44,  which  is  the  Chord  of  5  Degrees,  is 
the  Difference  between  843,  which  is  the  Chord  of  115  Degrees  ;  and  887,  which  is  the 
Chord  of  125  ;  as  likewife  87,  the  Chord  of  10  Degrees,  is  the  Difference  between  the 
Chord  of  no  Degrees  and  130,  &c.  which  are  equally  diftant  from  120  Degrees. 

Proof  of  the  Line  of  Polygons. 

You  may  know  whether  this  Line  be  well  divided,  by  help  of  the  Line  of  Chords,  in  the 
following  manner. 

Take  in  your  Compaffes,  upon  the  Line  of  Polygons,  the  Diftance  of  the  Number  6,  de- 
noting a  Hexagon,  from  the  Center  of  the  Joint;  then  carry  this  Diftance  upon  the  Line  of 
^Chords,  putting  each  Point  of  your  Compaifes  upon  the  correfpondent  Points,  from  60  to 
6o,  denoting  the  Angle  of  the  Center  of  an  Hexagon. 

The 


Chap.  I.  oftbeSe&ot.  tf 

The  Sector  being  thus  opened,  take  upon  each  Line  of  Chords  the  Diftance  of  the  two 
Points  marked  72  from  the  Center,  and  lay  it  oflf  upon  the  Line  of  Polygons,  placing  one 
Foot  in  the  Center  of  the  Joint  ;  then  the  other  Foot  muft  reach  to  the  Point  5,  which  ap- 
pertains to  a  Pentagon,  whofe  Angle  at  the  Center  is  71  Degrees. 

Like  wife  in  taking  upon  the  Line  of  Chords  the  Diftance  of  the  two  Points,  denoting 
oo,  and  laying  it  oft"  upon  the  Line  of  Polygons,  the  Foot  of  your  Compaffes  muft  meet  the 
Point  4,  appertaining  to  a  Square,  whofe  Angle  of  the  Center  is  00  Deg.  and  fo  of  others. 

Proof  of  the  Line  of  Planes. 
Becaufe  we  have  given  two  Methods  for  dividing   the  Line  of  Planes,  one  may   ferve   to 
prove  the  other ;  but  ftill  you  may  eafier  know  whether  the  Divifions  be  well  made,  in  the 
following  manner  :    Take  between  your  Compaffes  the  Diftance  of  any  Point  upon  this  Line 
from  the  Center  of  the  Joint,  and  lay  it  off  from  the  fame  Point  on  the  other  Side  of  the  fame 
Line  of  Planes  ;  then  the  Foot  of  your  Compaffes  will  fall  upon  the  Number  of  a  Plane  four 
times  greater  than  that  which  was  taken  towards  the  Center :    and  if  again  your  Compaffes 
thus  opened  fhould  be  once  more  turned  over,  towards  the  End  of  the   faid  Line,  the  Point 
would  fall  upon  the  Number  of  a  Plane  nine  times  greater.     As,  for  Example  ;    it   you  take 
the  Diftance  from  the  Center  to  the  Plane  2,  in  placing  one  Point    of  your  Companies   on  2, 
the  other  ought  to  falbupon  8  ;  and  by  turning  the  Compaffes  once  more,  one  of  its  Points 
muft  fall  upon  1 8,  which   contains  9  times  2.     Moreover,   in   turning  the   Compaffes  once 
more  over,  the  other  Point  ought  to  fall  upon  the  Number  32,  containing  *2,   16  times.     It, 
laftly,   you  turn  over  the   Compaffes  again,    it  muft   fall   upon    50,    and  fo  of  other  fimilar 
Planes,  becaufe  they  are  to  each  other  as  the  Squares  of  their  homologous  Sides.     It  is  this 
that  facilitates  the  Divifion  of  the  Line  of  Planes  ;    for   having  the  firft,  thefe   are  likewife 
had,  viz.'.  the  4th,  the  9th,  the  16th,  the  20th,  the  25th,  the  36th,  the  49th,  and  the  64th. 
Having  found  the  2d,  the  8th,  the  18th  ;  the  3 2d,  and  the  50th  will  be  had  :    likewife  hav- 
ing found  the  3d,  the  12th,  the  27th  and  the  48th  will  be  had  ;  and  fo  of  others. 

Proof  of  the  Line  of  Solids. 
You  may  know  whether  this  Line  be  well  divided,  in  fhe  following  manner  :  Take  be- 
tween your  Compaffes  the  Diftance  of  fome  Point  on  this  Line  from  the  Center  of  the  Joint ; 
then  place  one  of  its  Points,  thus  opened,  upon  this  Point  of  Divifion,  and  turn  the  other 
Point  over  towards  the  End  of  the  Line.  Now  this  Point  muft  fall  upon  the  Number  of  a 
Solid  8  times  greater  than  that  which  was  taken.  Again,  if  the  Compaffes  be  once  more 
turned  over,  it  will  fall  upon  a  Solid  27  times  greater  than  that  which  was  firft  taken.  As, 
for  Example  ;  the  Diftance  of  the  firft  Solid  from  the  Center,  will  be  equal  to  the  Diftance 
from  8  to  27,  and  from  27  to  64.  Likewife,  twice  the  Diftance  from  the  Center  to  3,  will 
be  equal  to  the  Diftance  from  3  to  24.  By  the  4th  Solid,  the  3  2d  will  be  had.  Moreover, 
the  5th  Solid  will  give  the 40th  ;  by  the  6th  the  48th  Solid  will  be  had;  and,  in  a  word, by 
help  of  the  7th,  the  56th  Solid  will  be  had;  becaufe  fimilar  Solids  are  to  each  other,  as  the 
Cubes  of  their  homologous  Sides,  which  facilitates  the  Divifion  of  the  Line  of  Solids. 

Proof  of  the  Line  of  Metals. 
We  have  already  mentioned,  that  the  Divifion  of  this   Line    is  founded  upon  Experiments 
made  of  the  different  Weights  of  a  Cubic  Foot  of  each  of  the  fix  Metals,   as   they  are  here 
denoted. 

Metals.  Weights  of  a  Cubic  Foot. 

Gold.  1326  Pounds,  4  Ounces. 

Lead.  — ' —  802.                2. 

Silver.  720.              12. 

Brafs.  (527.               12. 

Iron.  —  558.              00. 

Tin.  5 1 6.                2. 

From  thefe  different  Weights  of  the  fix  Metals  the  beforementioned  Table  was  calculated, 
by  means  of  which  the  Line  of  Metals  was  divided. 

•  Now  becaufe  Tin  is  the  lighteft  of  the  faid  fix  Metals,  it  is  manifeft  that  if,  for  Example, 
a  Ball  of  Tin  is  to  be  made  of  the  fame  Weight  as  a  Ball  of  Iron,  or  Brafs,  the  Ball  of  Tin 
muft  be  greater  than  either  of  them ;  as  alfo  the  Ball  of  Iron  ought  to  be  greater  than  that  of 
Brafs,  and  fo  on  to  that  which  will  be  the  leaft.  Therefore  fuppofing  the  Diameter  of  a  Ball 
of  Tin  to  be  1000,  the  Queftion  is  to  find  the  Lengths  of  the  Diameters  of  Iron  and  Brafs- 
Balls,  that  may  be  of  the  fame  Weight  as  the  Ball  of  Tin. 

Now  to  do  this,  you  muft  make  a  Rule  of  Three,  whofe  firft  Term  let  always  be  the 
heavieft  of  the  two  Metals  to  be  compared  ;  the  fecond  Term  muft  be  the  Weight  of  the 
Tin,  and  the  third  muft  be  the  Number  64,  which  is  the  greateft  Solid  of  the  Table  of  So- 
lids, to  which  the  Number  1000  anfvvers.  As,  for  Example;  to  compare  Iron,  a  Cubic 
Foot  of  which  weighs  558  Pounds,  with  Tin,  a  Cubic  Foot  of  which  weighs  5 16  Pounds,  2 

P  Ounces 
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Ounces  :  Having  reduced  them  all  into  Ounces,  the  558  Pounds  make  8928  Ounces  ;  and  the 
5  16  Pounds,  2  Ounces,  make  8258  Ounces  :  then  fay,  if  8928  gives  8258,  what  will  64 
give  ?  The  Rule  being  finifhed,  the  fourth  Term  will  be  59  and  a  fmall  Remainder  ;  then 
look  for  the  Number  59  in  the  Table  of  Solids,  and  the  Number  anfwering  thereto  is  973  ; 
inftead  of  which  take  974,  becaufe  of  the  remaining  Fraction  :  therefore,  I  fay,  that  the 
Diameter  of  the  Bail  of  Iron  muft  be  974.  In  the  fame  manner,  by  making  four  other  Rules 
of  Proportion,  you  may  know  whether  the  Numbers,  marked  againft  the  four  other  Metals, 
are  well  calculated,  and  confequently  whether  the  Line  of  Metals  be  well  divided. 

CHAP.     II. 
Of  the  VJe  of  the  Sedor. 
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H  E  Ufes  we  fhall  here  lay  down,/ are  only  thofe  that  moft  appertain  to  the  Seftor, 
and  which  by  it  can  be  better  performed,  than  by  any  other  Initrument. 

SECTION    I. 

Of  the  U  S  "£  of  the  L,ine  of  equal  Tarts. 

USE  I.  Jo  divide  a  given  Line  into  any  Number  of  equal  Parts ;  for  Example ,  into  feven. 
Plate  f,  TAKE  between  your  Compares  the  propofed  Line,   as  A  B,  and  carry  it,  upon  the  Line 

Fig.  1.  of  equal  Parts,  to  a  Number  on  both  Sides,  that  may  eafily  be  divided  by  7,  as  70,  whofe  7th 

Part  is  10  ;  or  elfe  the  Number"  140,  whofe  7th  Part  is  20.  Then  keeping  the  Sector  thus 
opened,  fliut  the  Feet  of  your  Compaffes,  fo  that  they  may  fall  on  the  Numbers  10  on  each 
Leg  of  the  Sector,  if  the  Number  70  be  ufed  ;  or  upon  the  Numbers  20,  if  140  be  taken 
for  the  Length  of  the  propofed  Line  5  and  this  opening  of  your  Compaffes  will  be  the  7th 
Part  of  the  propofed  Line. 

Note,  If  the  Line  to  be  divided  be  too  long  to  be  applied  to  the  Legs  of  the  Sector,  only 
divide  one  half,  or  one  fourth  of  it  by  7,  and  the  double,  or  quadruple,  of  this  7th  Part, 
will  be  the  7th  Part  of  the  whole  Line. 

USE  II.  Several  right  Lines,  confiituting  the  Perimeter  of  a  Polygon,  being  given,  one  of  which  is 
juppofed  to  contain  any  Number  of  equal  Parts :  to  find  how  many  of  thefe  Parts  are  contained  in 
each  of  the  other  Lines. 

Take  that  Line's  Length,  whofe  Meafure  is  known,  between  your  CompafTes,  and  fet  it 
over,  upon  the  Line  of  equal  Parts,  to  the  Number  on  each  Side,  expreffing  its  Length. 
The  Sector  remaining  thus  opened,  carry  upon  it  the  Lengths  of  each  of  the  other  Lines,  pa- 
rallel to  the  beforementioned  Line,  and  the  Numbers  that  each  of  them  falls  on  will  fhew 
their  different  Lengths  :  But  if  any  one  of  the  faid  Lines  doth  not  exactly  fall  upon  the  fame 
Number  of  the  Lines  of  equal  Parts,  upon  both  Legs  of  the  Sector  ;  but,  for  Inftance,  one 
of  the  Points  of  the  Compaffes  falls  upon  29,  and  the  other  upon  30  ;  the  Length  of  the  faid 
Line  will  be  29  and  a  half. 

USE  III.  A  right  Line  being  given,  and  the  Number  of  equal  Parts  it  contains ;  to  take  from 
it  a  lejjer  Line,  containing  arty  Ntimber  of  its  Parts. 

Let,  for  Example,  the  propofed  Line  be  120  equal  Parts,  from  which  it  is  required  to 
take  a  Line  of  25.  Firft  take  the  propofed  Line  between  your  Compafles,  and  then  open 
the  Sector,  fo  that  the  Feet  of  your  Compaffes  may  fall  upon  120,  on  the  Line  of  equal  Parts, 
upon  each  Leg  of  the  Sector  :  The  Sector  remaining  thus  opened,  take  the  Diftance  from 
25  to  25,  and  that  will  give  the  Line  defired.  It  is  manifeft,  from  the  three  aforementioned 
Ufes,  that  the  Line  of  equal  Parts,  upon  the  Legs  of  the  Sector,  may  very  fitly  ferve  as  a 
Scale  for  all  kinds  of  plane  Figures,  provided  that  one  of  their  Sides  be  known  ;  and  that, 
by  means  of  this  Line,  they  may  be  augmented  or  diminifhed. 

USE  IV.  'Two  right  Lines  being  given,  to  find  a  third  Proportional :  and  three  being  given,  to 

find  a  fourth. 

If  there  be  but  two  Lines  propofed,  then  take  the  Length  of  the  firft  between  your  Com- 
pafles, and  lay  it  off  upon  the  Line  of  equal  Parts  from  the  Center,  in  order  to  know  the 
Number  whereon  it  terminates  ;  then  open  the  Sector,  fo  that  the  Length  of  the  fecond  Line 
may  be  terminated  by  the  Length  of  the  firft.  The  Sector  remaining  thus  opeoed,  lay  off 
the  Length  of  the  fecond  Line  upon  one  of  the  Legs  from  the  Center  ;  and,  Note,  the  Num- 
ber whereon  it  terminates,  and  the  Diftance  between  that  Number,  on  both  Legs  of  the 
;  Sector,  will  give  the  third  Proportional  required. 

Let, 
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Let,  for  Example,  the  firft  Line  propofed  be  A  B,  40  equal  Parts  ;  and  the  fecond  CD, 
20.  Firft  take  the  Length  of  20  between  your  Compafles,  and  opening  the  Sector,  fet  over  Fi?.  3, 
this  Diftance  upon  40,  and  40  on  each  Leg  of  the  Sector.  The  Sector  remaining  thus  opened, 
take  the  Diftance  from  20  to  20,  which  will  be  the  Length  of  the  third  Proportional  fought  ; 
which  being  meafured,  on  the  Line  of  equal  Parts,  from  the  Center,  you  will  find  it  10  ; 
for  as  40  is  to  20,  fo  is  20  to  10. 

But  if  three  Lines  be  given,  and  a  fourth  Proportional  to  them  required ;  take  the  fecond 
Line  between  your  Compafles,  and,  opening  rhe  Se&or,  apply  this  Extent  to  the  Ends  of 
the  firft,  laid  off  from  the  Center,  on  both  Legs  of  the  Sector.  The  Sedtor  being  thus  opened, 
lay  off  the  third  Line  from  the  Center,  and  the  Extent  between  the  Number,  whereon  it 
terminates  on  both  Legs  of  the  Sector,  will  be  the  fourth  Proportional  required. 

Let  the  firfl  of  the  three  Lines  be  60,  the  fecond  30,  and  the  third  50  ;  carry  the  Length 
of  30  to  the  Extent  from  60  to  60  ;  and  the  Sector  remaining  thus  opened,  take  the  Diftance 
from  50  to  jo,  which  is  2?,  and  this  will  be  the  fourth  Proportional  fought  :  for  60  is  to  30 
as  50  to  25. 

USE  V.  To  divide  a  Line  into  any  given  Proportion. 

As  for  Example  ;  to  divide  a  Line  into  two  Parts,  which  may  be  to  each  ether  as  40  is  to 
70:  Firft  add  the  two  Numbers  together,  and  their  Sum  will  be  no;  then  take  between 
your  Compaffes  the  Length  of  the  Line  propofed,  which  fuppofe  165,  and  carry  this  Length 
to  the  Diftance,  from  no  to  no,  on  both  Legs  of  the  Secior.  The  Sector  remaining  thus 
opened,  take  the  Extent  from  40  to  40,  and  alfo  from  70  to  70  ;  the  firft  of  the  two  will 
give  60,  and  the  latter  105,  which  will  be  the  Parts  of  the  Line  propofed  ;  for  40  is  to  70, 
as  60  is  to  105. 

USE  VI-  To  open  the  Seftor,  fo  that  the  two  Line?  of  equal  Parts  may  make  a  right  Angle. 
Find  three  Numbers,  that  may  exprefs  the  Sides  of  a  right-angled  Triangle,  as  3,  4,  or  5, 
or  their  Equimultiples  ;  but  fince  it  is  better  to  have  greater  Numbers,  let  us  take  60,  80, 
and  100.  Now  having  taken,  between  your  Compafles,  the  Diftance  from  the  Center  of 
the  Sector  to  100,  open  the  Se&or,  fothat  one  Point  of  your  Compafles,  fet  upon  80  on  one 
Leg,  may  fall  upon  60,  of  the  Line  of  equal  Parts,  upon  the  other  Leg  ;  and  then  the  Sec- 
tor will  be  fo  opened,  that  the  two  Lines  of  equal  Parts  make  a  right  Angle. 

USE  VII.  To  find  a  right  Line  equal  to  the  Circumference  of  a  given  Circle. 
The  Diameter  of  a  Circle  is  to  the  Circumference  almoft  as  50  to  157  ;  therefore  take, 
between  your  Compafles,  the  Diameter  of  the  Circle,  and  fet  it  over,  upon  the  Legs  of  the 
Sector,  from  50  to  50,  on  both  Lines  of  equal  Parts.  The  Se&or  remaining  thus  opened, 
take  the  Diftance  from  157  to  1^7,  between  your  Compafles,  and  that  will  be  almoft  equal 
to  the  Circumference  of  the  propofed  Circle  j  I  fay  almoft,  for  the  exa&  Proportion  of  the 
Diameter  of  a  Circle  to  its  Circumference  hath  not  yet  been  Geometrically  found. 

SECTION     II. 

Of  the  USE  0/  the  Line  of  Tla?ies. 

USE  I  To  augment  or  diminijh  any  Plane  Figures  in  a  given  Ratio. 

LET,  for  Example,  the  Triangle  A  B  C  be  given,  and  it  is  required  to  make  another  Tri-  Fig-  4- 
angle  fimilar,  and  triple  to  it. 

Take  the  Length  of  the  Side  A  B  between  your  Compafles,  and  open  the  Sector,  fo 
that  the  Points  of  your  Compafles  fall  upon  1  and  1,  on  each  Line  of  Planes  ;  the  Sector  re- 
maining thus  opened,  take  the  Diftance  from  the  third  Plane  to  the  third,  on  each  Leg  of 
the  Sector,  which  will  be  the  Length  of  the  homologous  Side  to  the  Side  A  B.  After  the 
fame  manner  may  the  homologous  Sides  to  the  other  two  Sides  of  the  given  Triangle  be 
found,  and  of  thefe  three  Sides  may  be  formed  a  Triangle  triple  to  the  propofed  one.  Note, 
If  the  propofed  Plane  Figure  hath  more  than  three  Sides,  it  muft  be  reduced  into  Triangles, 
by  drawing  of  Diagonals.  .  , 

If  a  Circle  is  to  be  augmented  or  diminifhed,  you  muft  proceed  in  the  fame  manner  with 
its  Diameter. 

USE  II.  Two  fimilar  Plane  Figures  being  given  ;  to  find  the  Ratio  between  them. 
Take  either  of  the  Sides  of  one  of  the  Figures,  and  open  the  Sector,  fo  that  it  may  fall 
upon  the  fame  Number  or  Divifion,  on  the  Line  of  Planes,  on  both  Legs  of  the  Sector. 
Then  take  the  homologous  Side  of  the  other  Figure,  and  apply  that  to  fome  Number  or  Di- 
vifion on  both  Legs  of  the  Sector  ;  and  then  the  two  Numbers,  on  which  the  homologous 
Sides  fall,  will  exprefs  the  Ratio  of  the  two  Figures.  As  fuppofe  the  Side  a  b>  of  the  lefler  Fig  .5. 
Figure,  falls  upon  the  fourth  Plane  ;  and  the  homologous  Side  A  B,  of  the  greater,  falls  upon 
the  fixth  Plane,  the  two  Planes  are  to  each  other  as  4  to  6.  But  if  the  Side  of  a  Figure  li  ap- 
plied to  the  Extent  of  fome  Plaae,  on  both  Legs  of  the  Sector,  and  the  homologous  Sidecan- 

'  °  not 
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not  be  adjufted  parallel  to  it,  fo  as  it  may  fall  on  a  whole  Number  on  both  Legs  of  the  Sec- 
tor ;  then  you  mud  place  the  Side  of  the  firft  Figure  upon  fome  other  Number,  On  eae.i  Leg, 
till  a  whole  Number  is  found  on  both  Legs  of  the  Sector,  whole  Extent  is  equal  to  the 
Length  of  the  homologous  Side  of  the  other  Figure,   to  avoid  Fractions. 

If  the  propofed  Figures  are  fo  great,  that  their  Sides  cannot  be  applied  to  the  opening  of 
the  Legs  of  the  Sector,  take  the  half,  third,  or  fourth  Parts  of  any  of  the  two  homologous 
Sides  of  the  faid  Figures,  and  compare  them  together,  as  before,  and  you  will  have  the  Pro- 
portion of  the  faid  Figures. 

USE  III-  To  open  the  Se&or,  fo  that  the  two  Lines  of  Planes  may  make  a  right  Angle. 
Take  between  your  Compaffes  the  Extent  of  any  Plane  from  the  Center  or  the  Sector ;  as, 
for  Example,  the  40th  :  then  apply  this  opening  of  your  Companies,  upon  the  Line  of  Planes, 
on  both  Sides,  to  a  Number  equal  to  half  the  precedent  one,  which,  in  this  Example,  is 
io  ;  then  the  two  Lines  of  Planes  will  be  at  right  Angles  :  becaufe,  by  the  Conftruction  of 
the  Line  of  Planes,  the  Number  40,  which  may  reprefent  the  longeft  Side  of  a  Triangle, 
fignifies  a  Plane  equal  to  two  other  fimilar  Planes,  denoted  by  the  Number  20  upon  the  Legs 
of  the  Sector  :  Whence,  from  Prop.  48.  lib.  1.  Eucl.  the  aforenamed  Angle  is  a  right  one. 

USE  IV.  To  make  a  plane  Figure  fimilar  and  equal  to  two  other  given  fimilar  plane  Figures. 

Open  the  Sector  (by  the  precedent  Ufe)  fo  that  the  Lines  of  Planes  be  at  right  Angles, 
and  carry  any  two  homologous  Sides,  of  the  two  propofed  Figures,  upon  the  Line  of" 
Planes,  from  the  Center,  the  one  upon  one  Leg,  and  the  other  upon  the  other  Leg  ;  and  then 
the  Diftance  of  the  two  Numbers  found  will  give  the  homologous  Side  of  a  plane  Figure 
fimilar  and  equal  to  the  two  given  ones. 

As,  for  Example,  the  Side  of  the  lefTer  Figure  being  laid  off  from  the  Center,  will  reach 
to  the  fourth  Plane ;  and  the  homologous  Side  of  the  greater  Figure,  likewife  laid  off  upon 
the  other  Leg,  will  extend  to  the  ninth  Plane  :  then  the  Diftance  from  4  to  5?  is  the  homo- 
logous Side  of  a  Figure  equal  to  the  two  propofed  ones,  by  means  of  which  it  will  be  eafy  to 
make  a  Figure  fimilar  to  them. 

By  means  of  this  Ufe  may  be  added  together  any  Number  of  fimilar  plane  Figures,  'Viz,. 
in  adding  together  the  two  firft,  and  then  adding  their  Sum  to  the  third,  andfo  on. 

U  S  E  V.  Two  fimilar  unequal  plane  Figures  being  given  ;  to  find  a  third  equal  to  their  Difference. 

Open  the  Sector,  fo  that  the  two  Lines  of  Planes  may  make  a  right  Angle  ;  then  lay  off 
one  Side  of  the  leffer  Figure  from  the  Center  of  the  Sector.  This  being  done,  take  the  ho- 
mologous Side  of  the  greater  Figure,  and  fet  one  Foot  of  your  Compaffes  upon  the  Number 
whereon  the  firft  Side  terminates,  and  the  other  Point  will  fall  on  the  other  Leg,  upon  the 
Number  required. 

As,  for  Example  ;  having  laid  off  the  Side  of  the  lefier  Figure  from  the  Center,  which  falls 
upon  the  Number  9,  take  the  Length  of  the  homologous  Side  of  the  greater  Figure,  and  fet- 
ting  one  Foot  of  your  Compaffes  upon  the  Number  9,  the  other  will  fall  on  the  Number  4 
of  the  other  Leg  ;  therefore  taking  the  Diftance  of  the  Number  4  from  the  Center  of  the 
Sector,  that  will  be  the  homologous  Side  of  a  Figure  fimilar  and  equal  to  the  Dirference  of  the 
two  given  Figures,  whofe  Ratio  is  as  9  to  13. 

USE  VI.  To  find  a  mean  Proportional  between  tzuo  given  Lines. 

Lay  off  both  the  given  Lines  upon  the  Line  of  equal  Parts,  in  order  to  have  their  Lengths 
exprefled  in  Numbers  ;  the  leffer  of  which  fuppofe  20,  and  the  greater  45  :  Then  open  the 
Sector,  fo  that  the  Diftance  from  45  to  45,  of  the  Lines  of  Planes,  be  equal  in  Length  to  the 
greater  Line.  The  Sector  remaining  thus  opened,  take  the  Diftance  from  20  to  20  of  the 
Line  of  Planes,  which  will  be  the  mean  Proportional  fought ;  and  having  meafured  it  upon 
the  Line  of  equal  Parts  from  the  Center,  you  will  find  it  to  be  30  :  for  as  20  is  to  30,  fo  is 
30  to  45. 

But  becaufe  the  greateft  Number  on  the  Line  of  Planes  is  64,  if  any  one  of  the  Lines 
propofed  be  greater  than  64,  the  Operation  muft  be  made  with  their  half,  third,  or  fourth 
Parts,  in  the  following  manner  :  Suppofe  the  leffer  Number  be  32,  and  the  greater  72  ;  open 
the  Sector,  fo  that  half  of  the  greater  Number,  viz,.  36,  may  be  equal  to  the  Diftance  from 
3d  to  36,  of  the  Line  of  Planes,  upon  both  Legs  of  the  Sector ;  and  then  the  Diftance  from 
16  to  16  doubled,  will  be  the  mean  Proportional  fought. 

SECTION    III. 
Of  the  USES  of  the  Line  of  'Polygojis. 

USE  I.  To  inferibe  a  regular  Polygon  in  a  given  Circle. 
Fig.  6.  TAKE  the  Semidiameter  A  C,  of  the  given  Circle,  between  your  Compaffes,  and  adjuft  it 

to  the  Number  6,  upon  the  Line  of  Polygons,  on  each  Leg  of  the  Sector  \    and  the  Sector 
remaining  thus  opened,  take  the  Diftance  of  the  two  equal  Numbers,  expreffing  the  Num- 
ber 
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ber  of  Sides  the  Polygon  is  to  have  :  for  Example  ;    take   the  Difiance    from  5  to  5,  to  in-    . 
fcribe  a  Pentagon  ;  from  7  to  7  for  a  Heptagon,  and  fo  of  ochers  :  either  of  thefe  Diftandes, 
carried  about  the  Circumference  of  the  Circle,  will  divide  it  into  fo  many  equal  Parts.     And 
thus  you  may  ealily  defcribe  any  regular  Polygon,  froni^the  equilateral  Triangle  to  the   Do- 
decagon. 

USE  II.  To  describe  a  regular  Polygon  upon  a  given  right  Line. 
.If,  for  Example,  the  Pentagon  of  Fig.  6.  is  to  be  defcribed  upon  the  Line  A  B  :  Take  the  Fig.  6. 
Length  of  the  laid  Line  between  your  Compaffes,  and  apply  it  to  the  Extent  of  the  Num- 
bers 5,  5,  on  the  Line  of  Polygons  :  The  Sector  remaining  thus  opened,  take,  upon  the  fame 
Lines,  the  Extent  from  6  to  6,  which  will  be  the  Semidiameter  of  the  Circle  the  Polygon  is 
to  be  infcribed  in  ;  therefore  if,  with  this  Diftance,  you  defcribe,  from  the  Ends  of  the  gi- 
ven Line  A  B,  two  Arcs  of  a  Circle,  their  interfection  will  be  the  Center  of  the  Circle. 

If  an  Heptagon  was  propofed,  apply  the  Length  of  the  given  Line  to  the  Extent  of  the 
Numbers  7  and  7,  on  both  Legs  of  the  Sector,  and  always  take  the  Extent  from  6  to  6,  to 
rind  the  Center  of  the  Circle  ;  in  which  it  will  be  eafy  to  infcribe  an  Heptagon,  each  Side 
of  which  will  be  equal  to  the  given  Line. 

USE  III.  Tt>  cut  a  given  Line,  as  D  E,  into  extreme  and  mean  Proportion. 

Apply  the  Length  of  the  given  Line  to  the  Extent  of  the  Numbers  6  and  6,  on  both  Fig.  ji 
Sides,  upon  the  Line  of  Polygons  ;  and  the  Sector  remaining  thus  opened,  take  the  Extent 
of  the  Numbers  10  and  10,  on  both  Legs  of  the  Sector,  which  are  thofe  for  a  Decagon. 
This  Extent  will  give  D  F,  the  greatelt  Segment  of  the  propofed  Line,  becaufe  the  greateft 
Segment  of  the  Radius  of  a  Circle,  cut  into  mean  and  extreme  Proportion,  is  the  Chord  of 
35  Degrees,  which  is  the  10th  Part  of  the  Circumference. 

If  the  greater  Segment  is  added  to  the  Radius  of  the  Circle,  fo  as  to  make  but  one  Line, 
the  Radius  will  be  the  greater  Segment,  and  the  Chord  of  3d  Degrees  will  be  the  leffer  Seg- 
ment. 

USE  IV.  Upon  a  given  Line  D  F,  to  defcribe  an  Ifofceles  Triangle,  having  the  Angles  at  the 

Bafe  double  to  that  at  the  Vertex. 

Open  the  Sector,  fo  that  the  Ends  of  the  given  Line  may  fall  upon    10    and    10,  of  the  Fig.  %. 
Line  of  Polygons,    upon  each  Leg  of  the  Sector.     The  Sector  remaining  thus  opened,    take 
the  Diftance  from  6  to  6,  and  this  will  be  the  Length  of  the  two  equal  .Sides  of  the  Triangle 
to  be  made. 

It  is  manifeft  that  the  Angle,  at  the  Vertex  of  this  Triangle,  is  3d  Degrees,  and  that 
each  of  the  Angles  at  the  Bafe  is  72  Degrees  ;  but  the  Angle  of  36  Degrees,  is  the  Angle  of 
the  Center  of  a  Decagon. 

U  S  E  V.  To  open  the  Setlor  fo,  that  the  two  Lines  of  Polygons  may  make  a  right  Angle. 
Take  between  your  Compaffes  the  Difiance  of  the  Number  5,  from  the  Center,  on  the 
Line  of  Polygons  ;  then  open  the  Sector,  fo  that  this  Diftance  may  be  applied  to  the  Num- 
ber 6  on  one  Side,  and  to  the  Number  10  on  the  other,  and  then  the  two  Lines  of  Polygons 
will  make  a  right  Angle  ;  becaufe  the  Square  of  the  Side  of  a  Pentagon  is  equal  to  the 
Square  of  the  Side  of  a  Hexagon,  together  with  the  Square  of  the  Side  of  a  Decagon. 

SECTION     IV. 
Of  the  USES  of  the  Line  of  Chords. 

USE  I.  Tu  open  the  Sector,  fo  that  the  two  Lines  of  Chords  may  make  an  Angle  of  any  Number 

of  Degrees. 

FIRST  take  the  Diftance,  upon  the  Line  of  Chords,  from  the  Center  of  the  Joint,  to 
the  Number  of  Degrees  propofed  ;  then  open  the  Sector,  fo  that  the  Diilance,  from  60  to 
60  on  each  Leg,  be  equal  to  the  aforefaid  Diftance,  and  then  the- Lines  or  Chords  will  make 
the  Angle  required. 

As,   to  make  an  Angle  of  40  Degrees ;  take  the  Diftance   of  the  Number  40   from  the  Fig.  9. 
Center,  then  open  the  Sector,  till  the  Diftance  from  60  to  60,  be   equal   to  the  laid  Diftance 
of  40  Degrees.     If  a  right  Angle  be  required,  take  the   Diftance  of  po   Degrees  from    the 
Center,  and  then  let  the  Diftance  from  60  to  60  be  equal  to  that,  and  fo  of  others. 

USE    II.  T'he  Se&or  being  opened,  to  find  the  Degrees  of  its  Opening. 
Take  the  Extent  from  60  Degrees  to  60  Degrees,    and  lay  it  off  upon  the  Line  of  Chords 
from  the  Center ;  then   the  Number,  whereon  it   terminates,  fheweth   the  Degrees  or   its 
Opening. 

Sights  are  fometimes  placed  upon  the  Line  of  Chords,  by  means  of  which  Angles  are  ta- 
ken, in  adding  to  the  Sector  a  Ball  and  Socket,  and  placing  it  upon  a  Foot,  to  elevate  it  to 
the  height  of  the  Eye  :  but  thefe  Operations  are  better  performed  with  other  Inftruments. 

Q.  USE 
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USE  III.  To  make  a  right-lined  Angle,  upon  a  given  Line,  cf  any  Number  of  Degrees. 

Defcribe,  upon  the  given  Line,  a  circular  Arc,  whofe  Center  let  be  the  Point  w  hereon 
the  Angle  is  to  be  made  ;  then  fee  off  the  Radius,  from  <5o  to  60,  on  the  Lines  of  Chords. 
The  Seclor  remaining  thus  opened,  take  the  Diftance  of  the  two  Numbers  upon  each  Leg, 
exprefling  the  propofed  Degrees,  and  lay  it  from  the  Line  upon  the  Arc  defenbed.  Laftly, 
draw  a  right  Line  from  the  Center,  thro  the  End  of  the  Arc,  and  it  will  make  the  Angle 
propofed. 
Fie*  10,  Suppofe,    for  Example,  an  Angle  of  40  Degrees  is  to  be  made  at   the  End  B,  of  the  Line 

A  B  j  having  defcribed  any  Arc  about  the  Point  B,  always  lay  oft  the  faid  Radius  from  60 
to  60  on  the  Line  of  Chords,  (becaufe  the  Radius  of  a  Circle  is  always  equal  to  the  Chord  of 
60  Degrees)  and  lay  off  the  Diftance  of  40  Deg  and  40  Deg.  from  C  to  D.  Laftly,  draw- 
ing  a  Line  thro  the  Points  B  and  D,  the  Angle  or  40  Degrees  will  be  had.     Vid.  Fig.  10. 

By  this  Ufe  a  Figure,   whofe  Sides  and  Angles  are  known,   may  be  drawn. 

USE  IV.  A  right-lined  Angle  being  given  ;  to  find  the  Number  oj  Degrees  it  contains. 
About  the  Vertex  of  the  given  Angle  defcribe  the  Arc  <>f  a  Circle,  and  open  the  Sector, 
fo  that  the  Diftance  from  60  to  60,  on  each  Leg,  be  equal  to  the  Radius  of  the  Circle. 
Then  take  the  Chord  ot  the  Arc  between  your  Compafles,  and  carrying  it  upon  the  Legs 
of  the  Sector,  fee  what  equal  Number,  on  each  Leg,  the  Points  of  your  Compafles  fall  on, 
and  that  will  be  the  Quantity  of  Degrees  the  given  Angle  contains. 

USE  V.  To  take  the  Quantity  of  an  Arc,  of  any  Number  of  D  grees,  upon  the  Circumference  of 

a  given  Circle. 
Open  the  Sjector,  fo  that  the  Diftance  from  60  to  60,  on  each  Line    of  Chords,    be  equal 
to  the  Radius  of  the  given  Circle.     The  Sector  remaining  thus  opened,  take  the  Extent  of 
the  Chord  of  the  Number  of  Degrees  upon  each  Leg  of  the  Sector,  and  lay  it  off  upon  the 
Circumference  of  the  given  Circle. 

By  this  Ufe  may  any  regular  Polygon  be  inferibed  in  a  given  Circle,    as  well  as   by   the 
Line  of  Polygons,  viz,,  in  knowing  the  Angle  of  the  Center,    by    the  Method   and  Table 
before  expreffed,  in  the  Conftruction  of  the  Line  of  Polygons. 
Fig.  11,  For  Example  j  to  make  a  Pentagon  by  means  of  the  Line  of  Chords  :    Having  found  the 

Angle  of  the  Center,  which  is  72  Degrees,  open  the  Sector,  fo  that  the  Diftance  from  60 
to  do,  on  each  Leg  of  the  Sector,  be  equal  to  the  Radius  ot  the  given  Circle  ;  and  then  take 
the  Extent  from  72  to' 72,  on  each  Leg,  between  your  Compafles,  which  carried  round  the 
Circumference,  will  divide  it  into  five  equal  Parts,  and  the  five  Chords  being  drawn,  the 
Polygon  will  be  made. 

USE  VI.  To  defcribe  a  regular  Polygon  upon  the  given  right  Line  F  G. 
As,  for  Example,  to  make  a  Pentagon,  whofe  Angle  of  the  Center  is  72  Degrees  ;  open 
the  Sector,  fo  that  the  Diftance  from  72  Degrees  to  72  Degrees,  on  each  Line  of  Polygons, 
be  equal  to  the  Length  of  the  given  Line.  The  Sector  remaining  thus  opened,  take  the 
Diftance  from  60  to  60,  on  each  Leg,  between  your  Compafles  ,  with  this  Diftance,  about 
the  Ends  ot  the  given  Line,  as  Centers,  defcribe  two  Arcs  interfering  each  other  in  D  ; 
and  this  D  will  be  the  Center  of  a  Circle,  whofe  Circumference  will  be  divided,  by  the  given 
Line,  into  five  equal  Parts. 

SECTION    V. 

Of  the    USES/  the  Line  of  Solids. 

U  S  E  I.    "To  augment  or  diminif)  any  fimilar  Solids  in  a  given  Ratio. 
Fig.  12.  LET,  for  Example,  a  Cube  be  given,  and   it  is  required  to  make  another   double  to  it. 

Carry  the  Side  of  the  given  Cube  to  the  Diftance  of  fome  equal  Number,  on  both  Lines  of 
Solids,  at  pleafure  ;  as,  for  Example,  to  20  and  20.  The  Sector  being  thus  opened,  take 
the  Extent,  on  both  Legs  of  the  Sector,  of  a  Number  double  to  it,  that  is,  of  40  and  40; 
and  this  is  the  Side  of  a  Cube  double  the  propofed  one. 

If  a  Ball  or  Globe  be  propofed,  and  it  is  required  to   make  another  thrice  as  big  ;  carry 
'  the  Diameter  of  the  Ball  to  the  Diftance  ot  fome  equal  Number,  on  both  Lines  of  Solids,  at 

pleafure,  as  to  20  and  20  ;  then  take  the  Diftance  from  60  to  60,  (becaufe  60  is  thrice  20) 
and  that  will  be  the  Diameter  of  a  Ball  three  times  greater  than  the  propofed  one,  becaufe 
Balls  are  to  each  other  as  the  Cubes  of  their  Diameters. 

If,  again,  a  Cheft,  in  figure  of  a  right-angled  Parallelopipedon,  contains  three  Meafures 
of  Grain,  and  it  be  required  to  make  another  fimilar  Cheft  to  contain  five  Meafures  ;  open 
the  Sector,  fo  that  the  Diftance  from  301030,  on  each  Line  of  Solids,  be  equal  to  the 
Length  of  the  Bafe  of  the  Cheft  ;  then  the  Diftance  from  50  to  50,  on  each  Leg,  will  be  the 
homologous  Side  of  that  Solid  to  be  made.  Again,  apply  the  Breadth  of  the  Bafe  to  the  Dif- 
tance of  the  faid  Numbers  30  and  30,  and  then  the  Diftance  from  50  to  50  will  be  the  ho- 
mologous 
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mologo.us  Side  to  the  faid  Breadth.  Now  having  made  a  Parallelogram  with  thefe  two 
Lengths,  your  next  thing  will  be  to  find  the  Depth  :  To  do  which,  open  the  Sector,  fo 
thatthe  Diilance  from  30  to  30  be  equal  to  the  Depth  of  the  given  Cheft  ;  then  the  Diltance' 
from  50  to  50  will  be  the  Depth  of  the  Cheft  to  be  made.  This  being  done,  it  will  be  eafy 
to  make  the  Parallelopipedon,  containing  the  five  propofed  Meafures. 

If  the  Lines  are  fo  long,  that  they  cannot  be  applied  to  the  Legs  of  the  Se&or,  take  any 
of  their  Parts,  and  with  them  proceed  as  before ;  then  the  refpe&ive  Parts  of  the  required 
Dimenlions  will  be  had. 

USE  II.  Two  fimilar  Bodies  being  given  ;  to  find  their  Ratio. 

Take  either  of  the  Sides  of  one  of  the  propofed  Bodies  between  your  Compafles,  and  hav- 
in"  carried  it  to  the  Diftance  of  fome  equal  Number,  on  each  Line  of  Solids,  take  the  ho- 
mologous Side  of  the  otiier  SJid,  and  note  the  Number  on  each  Leg  it  falls  upon  ;  and  then 
the  faid  Numbers  will  fiiew  the  Ratio  ol    the  two  limilar  Solids. 

But  if  the  Side  of  the  firft  Solid,  be  fo  applied  to  fome  Number  on  each  Leg  of  the  Se&or, 
that  the  homologous  Side  of  the  other  cannot  be  applied  to  the  Extent  of  fome  Number  on 
each  Leg  ;  then  you  mull  apply  the  Side  of  the  firit  Solid  to  fuch  a  Num  ber  on  each  Line, 
that  the  Length  of  the  Side  of  the  fecond  Solid  may  fall  upon  fome  whole  Number  on  each 
Line  of  Solids,  to  avoid  Fractions. 

USE  III.  To  conflruci  and  divide  a  Line,  whofe  Ufe  is  to  find  the  Diameters  of  Cannon-Bails. 

It  is  found,  by  Experience,  that  an  Iron  Ball,  three  Inches  in  Diameter,  weighs  40  Pounds  j 
whence  it  will  be  eafy  to  find  the  Diameters  of  other  Balls  of  different  Weights,  and  the 
fame  Metal,  in  the  following  manner  :  Open  the  Sector,  fo  that  the  Diftance  from  the  4th 
Solid  to  the  4th  Solid,  on  each  Line  of  Soiids,  be  equal  to  three  Inches.  The  Sector  re- 
maining thus  opened,  take  upon  the  Lines  of  Solids  the  Diftances  of  all  the  Numbers,  from 
1  to  64,  on  one  Leg,  to  the  fame  Numbers  on  the  other  Leg  ;  then  lay  off  all  thefe  Lengths 
upon  a  right  Line  drawn  on  a  Ruler,  or  upon  one  of  the  Legs  of  the  Se&or,  and  where  the 
Diameters  terminate,  denote  the  Weights  of  the  Balls 

But  now  to  mark  the  Fractions  of  a  Pound,  as  I  I,  I,  open  the  Sector,  fo  that  the  Di- 
ftance of  die  4th  Solid,  on  each  Leg  of  the  Sector,  be  equal  to  the  Diameter  of  a  Ball  of 
one  Pound  The  Se&or  remaining  thus  opened,  the  Diftance  from  the  ill  Solid  to  the  tit 
on  each  Leg  of  the  Se&or,  will  give  the  Diameter  for  5  of  a  Pound  ;  from  the  2d  to  the  2d, 
for  I  of  a  Pound  ;  and  from  the  3d  to  the  3d,  for  |  of  a  Pound,  and  fo  of  others.  When  the 
Diameters  1  if  Balls  are  known,  the  Diameters  or  Bores  of  Cannon,  to  which  they  are  proper, 
will  iikewife  be  known  :  but  there  are  commonly  two  or  three  Lines  given  for  the  Vent  of 
great  Balls,  and  for  leffer  ones  in  proportion.  The  Diameters  of  Balls  are  meafured  with 
fpherick  Compafles,  as  will  be  more  fully  explained  among  the  Inflruments  for  Artillery. 

USE  IV.  To  make  a  Solid  fimilar  and  equal  to  the  Sum  of  any  Number  of  Jimilar  given  Solids. 

Open  the  Se&or,  and  apply  either  of  the  Sides  of  either  of  the  Bodies  to  thefame  Num- 
ber on  each  Line  of  Soiids  ;  then  note  on  what  equal  Numbers,  on  both  Legs  of  the  Se&or, 
the  homologous  Sides  of  the  other  Solids  fall.  This  being  done,  add  together  the  faid 
Numbers,  and  take  the  Extent,  on  both  Lines  of  Solids,  of  the  Number  arifing  from  that 
Addition  ;  and  this  Extent  will  be  the  homologous  Side  of  a  Body,  equal  and  fimilar  to  the 
Sum  of  the  given  Bodies. 

Example  ;  Suppofe  the  Side  chofen  of  the  firit  Solid  be  applied  to  the  fifth  Solid,  on  each 
Leg  of  the  Se&or,  and  the  homologous  Sides  of  the  others  tall,  the  one  on  the  7th,  and  the 
other  on  the  8th  Solid,  on  each  Line  of  Solids  ;  add  the  three  Numbers  5,  7,  and  8  together, 
and  their  Sum  is  20  ;  therefore  the  Diftance  from  20  to  20,  on  each  Line  of  Solids,  will  be 
the  homologous  Side  of  a  Body,  equal  and  fimilar  to  the  three  others. 

U  S  E  V.  Two  fimilar  and  unequal  Bodies  being  given  ;    to  find  a  third  fimilar  and  equal  to 

their  Difference. 

Open  the  Se&or,  and  apply  either  of  the  Sides  of  either  of  the  Bodies  to  fome  equal  Num- 
ber on  each  Leg  of  the  Se&or,  and  fee  what  equal  Numbers,  on  both  Legs,  the  homologous 
Sides  of  the  other  Solids  fall  upon  ;  then  fubftract  the  lefler  Number  from  the  greater,  and 
take  the  Diilance  from  the  remaining  Number,  on  one  Line  of  Solids,  to  the  fame  on  the 
other  ;  and  this  will  be  the  homologous  Side  of  a  Body,  equal  to  the  Difference  of  the  two 
'given  ones. 

As,  for  Example  ;  the  Side  of  the  greatefl  being  fet  over,  upon  the  Line  of  Solids,  from 
15  to  15,  the  homologous  Side  of  the  lefler  will  be  equal  to  the  Diftance  from  9  to  9  ;  then 
taking  9  from  15,  there  remains  6  :  therefore  the  Diilance  from  6  to  6  will  be  the  homolo- 
gous Side  of  the  Solid  fought. 

USE  VI.  To  find  two  mean  Proportionals  between  two  given  Lines. 
For  Example;  fuppofe  there  are  two  Lines,  one  of  which  is  54,    and  the  other  16:    open 
the  Se&or,  fo  that  the  Diftance  from  54  to  54,  on  each  Leg  of  the  Se&or,  be  equal  to   the 

Length 


\ 
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Length  of  the  longeft  Line.  The  Seftor  remaining  thus  opened,  the  Diftance  from  16  to 
16,  on  each  Leg,  will  be  equal  to  the  greater  of  the  mean  Proportionals,  and  will  be  found 
to  be  36.  Again,  Glutting  the  Legs  of  the  Sector  clofer,  till  the  Diflancc  between  54  and 
54,  on  each  Leg,  be  equal  to  36";  then  the  Diftance  from  16  to  16  will  be  the  lefier  of 
the  mean  Proportionals,  and  w  ill  be  found  to  be  24  :  Whence  thefe  four  Lines,  will  be  in 
continual  Proportion,  54,  36,  24,  16. 

If  the  Lines  be  too  long,  or  the  Numbers  of  their  equal  Parts  too  great,  you  muff  take 
their  halts,  thirds,  or  fourths,  &c.  and  proceed  as  before.  For  Example  ;  to  rind  two  mean 
Proportionals  between  two  Lines,  one  cf  which  is  32,  and  the  other  256,  take  the  fourth 
Parts  of  both  the  Lines,  which  are  8  and  64.  This  being  done,  open  the  Sector,  fo  that 
the  Diftance  from  8  to  8,  on  each  Line  of  Solids,  be  equal  to  8  ;  then  take  the  Diftance  from 
64  to  64,  and  that  gives  16,  for  J  of  the  firft  of  the  two  mean  Proportionals.  Again,  open 
the  Sector,  fo  that  the  Diftance  from  8  to  8  be  equal  to  16  ;  the  Sector  being  thus  opened 
the  Diftance  from  54  to  64.  will  give  i<5,  for  \  of  the  fecond  of  the  mean  Proportionals  fought  • 
whence  the  mean  Proportionals  are  64  and  128  ;   for  32,  64,  128,  256,  are  proportional. 

USE  VII.  To  find  the  Side  of  a  Cube  equal  to  the  Side  of  a  given  Parallelopipedon. 

Firft,  find  a  mean  Proportional  between  the  two  Sides  of  the  Bafe  of  the  Parallelopipedon  ■ 
then  between  the  Number  found,  and  the  Height  of  the  Parallelopipedon,  find  the  firft  of 
two  mean  Proportionals,  which  will  be  the  Side  of  the  Cube  fought. 

For  Example,  let  the  two  Sides  of  the  Parallelopipedon  be  24  and  54,  and  its  Height  53  ; 
the  Side  of  a  Cube  equal  to  it  is  fought. 

Open  the  Se&or,  fo  that  the  Diftance  between  54  and  54,  on  the  Line  of  Planes,  be 
equal  to  the  Side  of  54  ;  then  take  the  Diftance  from  24  to  24  on  the  fame  Line,  which 
meafured  upon  the  Line  of  equal  Parts,  will  give  3  6  for  a  mean  Proportional.  This  being 
done,  take  3d  between  your  Companies,  and  open  the  Sector,  fo  that  the  Points  of  the  Com- 
pares may  fall  upon  36  and  36,  on  each  Line  of  Solids  ;  then  take  the  Diftance  from  63  to 
63  on  the  Lines  of  Solids,  which  will  be  found  almoft  44  ~,  for  the  Side  of  a  Cube  equal  to 
the  given  Parallelopipedon. 

USE  VIII.  To  conftruEl  and  divide  a  Gauging- Red  to  meafure  Casks,  and  other  the  like  Veffds 

proper  to  hold  Liquors. 

Fig.  13.  The  Gauging-Rod,  of  which  we  are  now  going  to  fpeak,  is  a  Ruler  made  of  Metal,  di- 

vided into  certain  Parts,  whereby  the  Number  of  Pints  contained  in  a  Veflel  may  be  found, 
in  putting  it  in  at  the  Bung-hole,  till  its  End  touches  the  Angle,  made  by  the  Bottom,  with 
that  part  of  the  Side  oppofite  to  the  Bung-hole,  as  the  Line  A  C  diagonally  fituated- 

The  Gauging-Rod  being  thus  pofited,  the  Divifion,  anfwering  to  the  middle  of  the  Bung- 
hole,  fhews  the  Quantity  of  Liquor,  or  Number  of  Pints  the  Veflel,  when  full,  holds. 

But  it  is  necefiary  to  change  the  Poiition  of  the  aforefaid  Rod,  fo  that  its  End  C  may 
touch  the  Angle  of  the  other  Bottom  B,  in  order  to  fee  whether  the  middle  of  the  Bung-hole 
be  in  the  middle  of  the  Veifel ;  for  if  there  is  any  Difference,  half  of  it  muft  be  taken. 

The^Ufe  of  this  Gauging-Rod  is  very  eafy  :  for,  without  any  Calculation  by  it,  theDimen- 
fions  of  Casks  may  immediately  be  taken  ;  all  the  Difficulty  confifts  only  in  well  dividing  it. 

Now,  in  order  to  divide  it,  a  little  Cask,  holding  a  Setter,  or  eight  Pints,  muft  be  made 
fimilar  to  the  Veflels  that  are  commonly  ufed  ;  for  this  Rod  will  not  exactly  give  the  Dimen- 
iions  of  d;(Timilar  Veilels,  that  is,  fuch  that  have  the  Diameters  of  the  Heads,  thofe  of  the 
Bungs,  and  the  Lengths  not  proportional  to  the  Diameters  of  the  Head,  Bung,  and  Length 
of  that  which  the  Divilions  of  the  Rod  are  made  by. 

Now  fuppofe  the  Diameter,  at  the  Head  of  a  Cask,  be  20  Inches,  the  Diameter  of  the 
Bung  22,  and  the  interior  Length  30  Inches  ;  this  Veflel  will  hold  27  Setters  of  Paris  Mea- 
fure, and  its  Diagonal  Length,  anfwering  to  the  middle  of  the  Bung-hole,  will  be  25  Inches, 
9  Lmes  and  a  half,  as  is  eafy  to  find  by  Calculation  :  becaufe  in  the  right-angled  Triangle 
ADC,  the  Side  C  D  being  15  Inches,  and  DA  2r,  by  adding  their  Squares  together,  you 
will  have  (per  P>cp.  47.  lib.  1.  Eucl.)  the  Square  of  the  Hypothenufe  A  C  ;  and  by  extract- 
in"  che  Square  Root,  A  C  will  be  had. 

Ace  ording  to  the  fame  Proportions  a  Cask,  whofe  Dimenfions  are  one  Third  of  the  for- 
mer   nes,  will  contain  one  Setter,  or  eight  Pints  ;  that  is,  if  the  Diameter  of  the  Head    be 

6  Inches,  and  8  Lines  ;    that  of  the  Bung  7  Inches,  8  Lines  ;    the  Length  8  Inches,  8  Lines  ; 
and  n?  D:a«onal  8  Inches,  7  Lines. 

Another  Cask,  whole  Dimenfions  are  half  of  that  before-mentioned,  will  contain  one  Pint ; 
that  is,  it  the  Diameter  of  the  Head  be  3  Inches,    4  Lines;    that   of  the  Bung  3  Inches,  8 
Lines  ;  the  interior  Length  of  the  Cask  5  Inches  ;  and  the  Diagonal,   anfwering  to  the  mid- 
dle of  the  Burg- hole,  4  Inches,  3  Lines  and  a  half. 
>  >v  take  a  Rod  about  3  or  4  Feet  long,  and  chufe  either  of  the  three  Meafures,  which 

udpe  moft  proper :  As,  tor  Example  ;  if  you  will    make  Divilions  fat  Setters   upon    the 
,  make  a  Point,  in  the  middle  of  its  Breadth,    diftant  from  one  of  its  Ends,    8  Inches, 

7  Lnes,  and  there  make  the  Divifion  for  one  Setter  upon  it  ;  double  that  Extent,  and  there 
make  a  Mark  for  8  Setters  j  triple  the  fame    Extent,    and  there  make  a  Mark  for  27  Setters  ; 

quadruple 
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quadruple  ir,  and  there  make  a  Mark  for  64  Setiers ;  becaufe  fimilar  Solids  are  to  each  other* 
as  the  Cubes  or"  their  homologous  Sides. 

Again,  to  make  Divifions  upon  it  for  the  other  SetierSj  take  between  your  Compaifes  the 
Length  of  8  Inches,  7  Lines  ;  fet  over  this  Di fiance,  upon  each  Line  of  Solids  of  your  Sec- 
tor, from  the  firll  Solid  to  the  firfl.  The  Sector  remaining  thus  opened,  take  the  Diftance 
from  the  fecond  Solid  to  the  fecond,  which  mark  upon  the  Rod  for  the  Diviiion  of  two  Se- 
tiers. 

Again  ;  take  the  Diflance  from  the  third  Solid  to  the  third,  which  mark  upon  the  Rod 
for  the  Length  of  the  Diagonal,  agreeing  to  three  Setiers,  and  fo  on  ;  by  which  means  the 
Rod  will  be  divided,  for  taking  the  Dimenfionsof  Veifels  in  Setiers.  With  the  fame  facility 
may  the  Divifions  for  Pints  be  made  upon  the  Rod  ;  for  half  of  the  Diflance  of  theDivifion 
of  two  Setiers,  will  give  the  Diviiion  for  two  Pints;  half  of  the  Diflance  of  the  Diviiion 
for  three  Setiers,  will  give  the  Diviiion  for  three  Pints  ;  half  of  the  Diflance  of  the  Diviiion 
for  four  Setiers,   will  give  the  Diviiion  for  four  Pints,  and  fo  on. 

If  the  Sector  be  not  long  enough  to  take  the  Diagonal  Length  anfwerable  to  one  Setier, 
from  the  firfl  Solid  to  the  firll,  take  the  Diagonal  Length  anfwerable  to  one  Pint ;  and  having 
divided  the  Rod  for  any  Number  of  Pints,  the  Diagonal  Lengths  of  the  fame  Number  of 
Setiers  may  be  had,  by  doubling  the  Diagonal  Lengths  of  the  Pints.  As,  for  Example  ;  if 
the  Diagonal  Lengch  for  6  Pints  be  doubled,  that  Diflance  will  be  the  Diagonal  Length  of  a 
Veifel  holding  6  Setiers  :  Alio  if  the  Diagonal  Length  of  7  Pints  be  doubled,  the  Length 
of  the  Diagonal  of  a  Veifel,  holding  7  Setiers,  will  be  had  ;  and  fo  of  other  Diagonal  Lengths. 
If  the  Diagonal  Length  is  yet  too  long  to  be  applied  to  the  Diflance  of  the  Diviiion  for  the 
firll  Solid,  on  each  Leg  of  the  Sector,  its  half  mull  be  applied  to  the  fame  ;  and  the  Sector 
remaining  thus  opened,  take  the  Diflance  of  the  Divifions  for  the  fecond  Solid  on  both  Lines 
of  Solids,  and  double  it ;  then  you  will  have  the  Diagonal  Length  of  a  Veifel  holding  two 
Pints.  Having  again  taken  the  Diflance  of  the  Diviiion  for  the  third  Solid  upon  each  Leg  of* 
the  Sector,  which  Diflance  being  double,  the  Diagonal  Length  of  a  Veifel  holding  three 
Pints  will  be  had,  and  may  be  marked  upon  your  Rod ;  and  fo  of  others. 

The  Divifions  for  Setiers  go  acrofs  the  whole  Breadth  of  the  Rod,  upon  which  are  their 
refpeftive  Numbers  graved  ;  and  the  Divifions  for  Pints  are  fhorter  than  the  others,  for  their 
better  Diflinftion. 

In  order  for  this  Gauging-Rod  to  ferve  to  take  the  Quantity  of  Liquor  contained  in  dif- 
ferent diffimilar  Veffels,  other  Divifions  may  be  made  upon  its  Faces,  according  to  the  diffe- 
rent Proportions  of  their  Lengths  and  Diameters,  and  at  the  bottom  of  the  Faces  mufl  be 
writ  the  Diameters  and  Lengths  by  which  the  Divifions  were  made  :  For  Example  ;  at  the  bot- 
tom of  the  Face,  upon  which  the  precedent  Divifions  were  made,  there  is  wrote,  the  Diame- 
ter of  the  Head  20,  the  Diameter  of  the  Bung  22,  and  the  Length  30. 

If,  for  dividing  another  Face,  you  ufe  a  Veifel,  whofe  Diameter  of  the  Head  is  1 1  In- 
ches, that  of  the  Buug  23,  and  the  interior  Length  27  \  Inches ;  this  Veifel  is  fhorter  thari 
that  before-named,  but  contains  almoft  the  fame  Quantity  of  Liquor,  when  full,  viz,.  27 
Setiers,  and  the  Length  of  its  Diagonal  will  be  26  Inches. 

If  another  Veifel  hath  all  its  Dimenfions  -*-  of  the  precedent  ones,  this  Veifel  will  hold  one 
Setier,  and  its  Diagonal  A  C  will  be  8  Inches  and  8  Lines  in  Length.  Now  by  means  of 
this  Veifel,  and  its  Diagonal  Length,  you  may  divide  the  aforefaid  Face  in  the  manner  di- 
rected for  dividing  the  firfl  Face,  and  at  the  bottom  of  this  Face  you  mufl  write,  Diameter 
reduced  22,  Length  27  h 

If  the  four  Faces  of  the  Rod  are  divided,  as  before-named,  you  will  have  four  different 
Gauges  for  gauging  four  different  kinds  of  Veffels  ;  and  by  examining  the  Proportions  of 
the  Diameters  of  the  Heads  and  Lengths,  you  mufl  make  ufe  of  fuch  a  Face  accordingly. 

Inflead  of  ufing  the  Se&or  in  dividing  the  before-mentioned  Gauging-Rod,  it  is  better 
ufing  the  Table  of   Solids. 

For  having  found,  by  Calculation,  that  the  Length  of  the  Diagonal  of  a  Veifel,  holding 
27  Seders,  is  6  Inches,  it  will  be  eafy  to  find  the  Diagonals  of  Veifels  of  any  propofed  Big- 
nefies,  having  the  fame  Proportions  to  the  Diameters  reduced,  as  22  to  27  \y  or  as  4  to  5. 

As,  for  Example  ;  it  is  required  to  find  the  Diameter  of  a  Qriarteau,  which  holds  o  Se- 
tiers ;  feek,  in  the  Table  of  Solids,"  the  Number  anfwering  to  tiie  oth  Solid,  which  will  be 
found  520;  at  the  fame  time  find  the  correfpondent  Number  to  the  27th  Solid,  which  will 
be  found  750  :  then  flate  a  Rule  of  Three,  in  the  following  manner;  750  :  520  ::  26  :  18  ; 
whence  18  Inches  will  be  the  Length  of  the  Diagonal  of  a  Veifel  holding  o  Setiers.  The 
Coopers  about  Paris  make  their  Veifels  almofl  in  the  Proportion  of  4  to  5  ;  as  is,  for  Exam- 
ple, a  half  Muid,  having  10  Inches  2  Lines  in  Diameter  reduced,  and  24  Inches  in  Length  ; 
in  which  Cafe  the  Diagonal  will  be  22  Inches,  8  i  Lines,  as  you  will  eafily  find  by  Calcu- 
lation. 

But,  in  general,  as  foon  as  the  Proportions  ufed  in  making  Veifels  are  known,  the  Diago- 
nal of  fome  one  of  thofe  Veifels,  holding  a  known  quantity  of  Setiers  being  firfl  found  (per 
Prop.  47.  lib.  3.  End.)  you  may  afterwards  find  the  Lengths  of  the  Diagonals  of  all  Veifels 
made  in  the  fame  proportion,  by  means  of  the  aforefaid  Table  of  Solids. 

R  SECTION 
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SECTION    VI. 

Of  the  Co'nJiriMion  a?id  Ufe  of  other  kinds  of  Cauging-Rods. 

THE  Gauging-Rod,  of  which  we  have  already  fpoken,  ferves  only  to  find  the  Quantity 
of  Liquor  contained  in  fimilar  Veflels ;  but  that  which  we  are  now  going  to  mention,  may 
be  ufed  in  taking  the  Di mentions  of  diflimilar  Veflels. 

In  order  to  conftruci-  the  firft  Gauge  of  this  kind,  the  Meafure  which  you  ufe  mull  be  de- 
termined, by  comparing  it  with  fome  regular  Veflel,  as  a  Concave  Cylinder,  in  which  a 
Quart  or  a  Gallon  of  Water  being  poured,  you  muil  exaftly  note  the  Depth  occupied  by 
the  Water. 

As,  for  Example,  if  a  Gauge  is  to  be  made  for  Paris,  where  a  Pint  is  48  Cubic  Inches, 
or  61  Cylindrick  Inches,  you  will  find,  by  Calculation,  that  a  Concave  Cylinder,  3  Inches, 
1 1  f  Lines  in  Diameter,  and  the  like  Number  in  Depth,  contains  one  Pint  of  Paris ;  and  a 
Cylinder,  whofe  Dimenfions  are  double  the  aforefaid  ones,  that  is,  7  Inches,  10  \  Lines, 
will  hold  one  Setier  :  for  fimilar  Solids  are  to  each  other,  as  the  Cubes  ol  their  like  Sides. 
Fig.  14.  This  being  fuppofed,  lay  on    that  Length  of  3  Inches   1 1  §■  Lines,  upon  one  Face  of  the 

Rod,  as  often  as  the  Length  of  the  Rod  will  admit,  and  mark  Points,  whereon  fet  1,  2,  3, 
4,  5,  &c  each  of  thefe  Parts  may  be  fubdivided  into  4  or  more.  This  Face,  thus  divided, 
is  called  the  Face  of  equal  Parts,  and  is  ufed  in  meafuring  the  Lengths  of  Veflels. 

You  mull  likewife  mark,  upon  another  Face  of  the  Rod,  the  Diameter  of  the  Cylinder  of 
3  Inches,  1 1  I  Lines,  and  then  the  Diameters  of  Circles  double,  triple,  quadruple,  &c.  by 
any  of  the  Methods  before  explained  for  dividing  the  Line  of  Planes  on  the  Sector,  the  eafieft 
Fig.  15.  and  fhorteft  of  which  is  to  make  a  right-angled  Ifofceles  Triangle  AB  C;  each  of  the  Legs 
about  the  right  Angle  of  which  being  3  Inches,  1 1  -§  Lines,  the  Hypothenufe  B  C  will  be 
the  Diameter  of  a  Circle  double  to  that,  whofe  Diameter  is  3  Inches,  1 1  \-  Lines  :  therefore 
having  produced  one  of  the  Legs  A  B  towards  D,  lay  off  the  faid  Hypothenufe  from  A 
towards  D,  and  at  the  Point  whereon  it  terminates  mark  the  Number  2 ;  then  take  the  Dis- 
tance C  2,  and  having  laid  it  off  upongthe  Line  A  D,  mark  the  Number  3  at  the  Point  where- 
on it  terminates.  Again,  take  the  Diftance  C  3,  and  having  laid  it  off  upon  the  Line  A  D, 
there  mark  the  Number  4,  &c. 

Note,  A  4,  which  is  the  Diameter  of  a  Circle  quadruple  the  firft,  is  double  A  C,  ot 
A  B  ;  becaufe  Circles  are  to  each  other  as  the  Squares  of  their  Diameters  :  whence  fince 
A  B  is  1,  its  Square  is  alfo  1  ;  and  the  Line  A  4  being  2,  its  Square  mud  confequently  be  4. 

To  ufe  this  Gauge,  you  muft  firft  apply  the  Face  of  equal  Parts  to  the  exterior  Length  of 
the  Veffel,  from  which  you  muft  take  the  Depth  of  the  two  Croes3  that  thereby  the  true  in- 
terior Length  may  be  had. 

This  being  done,  apply  the  Face  of  Diameters  to  the  Diameters  of  the  Heads  of  the  Vef- 
fel, and  note  the  Number  anfwering  to  them,  and  whether  they  are  equal ;  for  if  there  be, 
any  Difference  between  the  Diameters  of  the  Heads,  you  muft  add  them  together,  and  take7 
half  their  Sum  for  the  mean  Head-Diameter. 

Again  ;  put  the  Rod  downright  in  at  the  Bung-hole,  in  order  to  have  the  Diameter  of 
the  Bung,  which  add  to  the  Head- Diameter,  and  take  half  the  Sum  for  an  arithmetical 
Mean;  this  being  multiplied  by  the  Length  of  the  Veffel,  will  give  the  Number  of  Pints 
the  Veflel  holds. 

As  fuppofe  the  interior  Length  of  a  Veflel  is  4  |  of  the  equal  Parts  of  the  Rod,  the  Dia- 
meter at  the  Head  15,  and  the  Bung-Diameter  17  ;  add  15  to  17,  and  their  Sum  is  32, 
half  of  which  is  16  ;  which  multiplied  by  the  Length  4  |,  and  the  Product  76  will  give  the 
Number  of  Pints  the  Veflel  holds. 

Now  to  conftruci:  the  fecond  kind  of  Rods,  it  is  found,  by  Experience,  that  a  Cylinder, 
whofe  Height  and  Diameter  is  3  Foot,  3  Inches,  and  6  Lines,  holds  1000  Paris  Pints. 

Then  take  upon  a  Ruler  a  Length  of  3  Feet,  3  Inches,  and  6  Lines,  which  divide  into 
10  Parts,  each  of  which  will  be  the  Height  and  Diameter  of  a  Cylinder  holding  one  Pint, 
(becaufe  fimilar  Cylinders  are  to  each  other  as  the  Cubes  of  their  Diameters.)  Again,  di- 
vide each  of  thefe  Parts  into  10  more,  which  may  eafily  be  done  by  help  of  the  Line  of  Lines 
on  the  Sector  ;  then  each  of  thefe  laft  Parts  will  be  the  Height  and  Diameter  of  a  Cylinder 
holding  the  1000th  part  of  a  Pint :  Every  five  of  thefe  fmall  Parts  being  numbered,  your 
Fig.  16.  R°d  will  be  made.  One  of  thefe  Rods,  of  4  or  5  Feet  in  Length,  will  ferve  to  gauge  great 
Veflels,  as  Pipes,  &c. 

To  ufe  this  Rod,  you  muft  note  how  many  of  the  fmall  Divifions  of  the  Rod  the  Diame- 
ters of  the  Head  and  Bung,  as  alfo  the  Length,  contains. 

But,  Note,  by  the  Length  of  a  Veflel  is  underftood  the  interior  Length,  which  is  the  Dif- 
tance between  the  Head  and  the  Bottom  ;  and  by  the  Diameters  is  underftood  the  interiour 
Diameters  included  between  the  Staves. 

Note  aifo,  if  the  Diameters  at  Top  and  Bottom  are  unequal,  compare  one  of  them  with 
the  Bung-Diameter,  and  the  middle  between  thefe  two  is  called  the  mean  Diameter  of  the 
Veflel. 

But 
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But  if  the  Diameters  at  Top  and  Bottom  are  unequal,  add  them  together,  and  take  half 
of  their  Sum,  which  is  called  the  mean  Diameter  of  the  Head  and  Bottom  ;  then  compare 
this  mean  Diameter  with  the  Diameter  at  the  Bun^,  add  them  together,  and  take  half  their 
Sum  for  the  mean  Diameter  of  the  Vciiel. 

Then  fquare  the  mean  Diameter  of  the  Veffel,  and  multiply  the  faid  Square  by  the 
Length  of  the  Veflel ;  then  the  Product  will  give  you  the  Quantity  of  Liquor  in  1000th  Parts 
the  Veffel  holds  ;  and  by  calling  away  the  laft  three  Figures,  you  will  have  the  Number  of 
Pints  contained  in  the  Vellel,  when  full. 

Let,  for  Example,  the  Diameter  at  the  Head  be  58  Parts  of  the  Gauging-Rod,  and  the 
Bung-Diameter  62  ;  add  thefe  two  Numbers  together,  and  their  Sum  will  be  120,  whofe 
half  60  is  the  mean  Diameter  of  the  Veffel :  then  the  Square  of  this  mean  Diarne,er  will  be 
3600  ;  and  if  this  Square  be  multiplied  by  the  Length  of  the  Veffel,  which  fuppofe  80,  the 
Product  will  be  288000  ;  and  by  taking  away  the  three  laft  Figures,  the  Number  of  Paris 
Pints  the  Veffel  holds  will  be  288. 

This  way  of  Gauging  is  exact  enough  for  Practice,  when  there  is  but  a  fmall  Difference 
between  the  Bung  and  Head-Diameters,  as  are  the  Diameters  of  Paris-Mu'uh ;  but  when  the 
Difference  between  the  Bung  and  Head- Diameters  is  confiderable,  as  in  the  Pipes  of  Anjou, 
whofe  Bung-Diameters  are  much  greater  than  the  Head-D^ameters,  Dimenfions  taken  in  the 
before-directed  manner  will  not  give  the  Quantity  of  Liquor  exact  enough  :  But  to  render 
the  Method  more  exact,  divide  the  Difference  of  the  Bung  and  Head-Diameters  into  7  Parts,- 
and  add  4  of  them  to  the  Head-Diameter,  and  that  will  give  you  the  mean  Diameter :  for 
Example;  if  the  Diameter  of  the  Head  is  50,  and  the  Bung-Diameter  57,  the  mean  Dia- 
meter of  the  Veffel  will  be  54  ,*   with  which  mean  Diameter  proceed  as  before. 

Having  found  by  the  Rod  how  many  Paris  Pints  a  Veflel  holds,  you  may  find  how  many 
other  Meafures  the  fame  Veflel  holds,  in  the  following  manner  : 

A  Paris  Pint  of  frefh  Water  weighs  1  Pound,  15  Ounces  ;  therefore  you  need  but  weigh 
the  fought  Meafure  full  of  Water,  and  by  the  Rule  of  Three  you  may  have  your  Defire. 

As,  for  Example  ,•  a  certain  Meafure  of  Water  weighs  50  Ounces,  and  it  is  required  to 
find  how  many  of  the  fame  Meafures  is  contained  in  a  Paris-Muid,  which  holds  288  Pints  : 
Say,  by  the  Rule  of  Three,  As  50  is  to  31,  fo  is  288  Pints  to  a  fourth  Number,  which  will 
be  178  i  of  the  faid  Meafures. 

There  may  be  marked  Feet  and  Inches  upon  the  vacant  Faces  of  the  aforefaid  Gauging- 
Rod,  each  of  which  Inches  may  be  fubdivided  into  four  equal  Parts,  which  will  be  a  fecond 
means  to  gauge  Veffels  ;  the  Feet  are  marked  with  Roman  Characters,  and  the  Inches  with 
others. 

We  have  already  faid,  that  a  Paris  Pint  contains  61  Cylindrick  Inches  ;  therefore  having 
the  Solidity  of  a  Veffel  in  Cylindrick  Inches,  itmuft  be  divided  by  61,  to  have  the  Number 
of  Pints  the  Veffel  holds.     An  Example  or  two  will  make  this  manifeft. 

Let  the  Length  of  a  Veffel  be  3 6  Inches,  the  Head-Diameter  23,  and  the  Bung-Diame- 
ter 25;  add  the  two  Diameters  together,  and  their  Sum  will  be  48,  half  of  which  is  24  for 
the  mean  Diameter".  This  Number  24  being  fquared,  will  be  576  ;  and  this  Square  being 
multiplied  by  the  Length  36,  gives  20736  Cylindrick  Inches  :  which  being  divided  by  61, 
the  Quotient  will  give  339  Pints,  and  about  *-. 

If  the  Diameters  and  Lengths  of  Veffels  are  taken  in  fourth  Parts  of  Inches,  the  laft  Pro- 
duct mull  be  divided  by  3904,  to  have  the  Number  of  Pints  contained  in  a  Veffel,   when  full. 

Let,  for  Example,  the  Length  of  a  Veffel  be  35  \  Inches,  the  Head-Diameter  23  Inches, 
and  the  Diameter  at  the  Bung  251.  Inches ;  add  the  two  Diameters  together,  and  their  Sum 
will  be  48  i,  half  of  which  will  be  24  $  ;  which,  for  eafe  of  Calculation/  reduce  to  4ths  : 
97  is  the  Number  to  be  fquared,  which  will  be  9409  ;  which  multiply  by  141,  and  that 
Product  again  by  35  |,  reduced  to  4ths  of  Inches,  will  give  this  Product  11,26669  ;  which 
being  divided  by  3004,   the  Quotient  will  (as  before)  be  339  Pints,  and  about  \. 

The  ConflruElion  and  USE  of  a  nezv  Gauging-Rod. 

Mr.  Sauveur,  of  the  Academy  of  Sciences,  has  communicated  to  us  a  new  Gauging-Rod 
of  his  Invention,  by  means  of  which  may  be  found,  by  Addition  only,  the  Quantity  of  Li- 
quor that  any  Veffel  holds,  when  full ;  whereas  hitherto  Multiplication  and  Diviiion  has 
been  ufed  in  Gauging. 

To  make  this  Gauging-Rod,  you  muft  firft  chufe  a  Piece  of  very  dry  Wood,  as  Sorbaple  Fig.  17, 
or  Pear-tree,  without  Knots,  about  5  Foot  long,   in  Figure  of  a  Parallelopipedon,  and  6   or 
7  Lines  in  Breadth  ;  Fig.  17.  fhews  its  four  Faces. 

Now  upon  the  firfl  of  the  four  Faces  are  madeDivifions  for  taking  the  Diameters  of  Veffels. 

The  Divifions  of  the  fecond  Face  ferves  to  meafure  the  Lengths  of  the  Diameters. 

The  Divifions  upon  the  third  Face  are  for  finding  the  Contents  of  Veffels. 

And,  Laftly,  upon  the  fourth  Face,  the  Numbers  of  Setiers  and  Pints,  which  the  Veffel 
holds,  are  marked. 

The  aforefaid  Divifions  are  made  in  the  following  manner  : 

Fvrft,  divide  the  fourth  Face  into  Inches,  and  each  Inch  into  10  equal  Parts  ;  thofe  Di- 
vifions denote  Pints,  and  are  numbered  1,2,  3,4,  5,6,  &c.  every  8  being  Setiers,    becaufe 

x  Se- 


64  The  Confirucliou  and  Ufes       Book  II. 

1  Setier  is  8  Pints  :  On  the  end  of  this  fourth  Face  is  written  Pints  and  Setters. 

The  Divifions  of  the  other  three  Faces  are  made  by  help  of  Logarithms,  in  manner  fol- 
lowing. 

Nute>  The  Divifions  of  the  fourth  Face  ferve  as  a  Scale  to  the  third,  and  ought  to  be 
contiguous  to  it. 

To  divide  the  third  Face  of  the  Rod. 

If  you  have  a  mind  to  place  any  Number  upon  the  third  Face  of  your  Rod  ;  for  Exam- 
ple, 240  :  feck  in  the  Table  of  Logarithms  for  240,  or  the  nigheft  Number  to  it,  which  will 
be  found  againft  25 1  in  your  Table  ;  then  place  240  upon  the  third  Face,  over  againft  251 
Pints  on  the  fourth  Face,  and,  proceeding  in  this  manner,  you  may  divide  the  third  Face. 

But  becaufe,  in  the  Table  of  Logarithms,  240  doth  not  ftand  againft  251,  but  inftead 
thereof  there  ftands  2.39906,  which  nighly  approaches  it ;  therefore  to  make  the  Divifions  as 
exacc  as  poffible,  you  muft  add  1  to  the  firft  Number  of  the  Logarithm  2.40,  and  then  feek 
for  3.40,  over  againft  which  ftands  25 12  ;  which  fhews,  that  the  Logar.  240  muft  be  placed 
not  over  againft  251  of  the  Divifions  of  Pints,  but  againft  251  and  two  Parts  of  the  Divifion 
of  a  Pint,  fuppofed  to  be  divided  into  10  Parts  more.  You  muft  write  Contents  at  one  End 
of  this  third  Face. 

The  Manner  of  dividing  the  fecond  Face.    . 

A  Cylindrical  Veflel,  whofe  Length  and  Diameter  is  3  Inches,  1 1  {-  Lines,  holds  one  Pa- 
ris Pint ;  therefore  the  firft  part  of  the  fecond  Face,  which  is  without  Divifions,  muft  be  of 
that  Length.  This  faid  Length  muft  be  laid  off  ten  times,  and  more,  if  poflible,  upon  the 
faid  Face,  upon  which  make  occult  Marks  ;  then  one  of  thefe  Parts  muft  be  divided  into  100 
more,  upon  a  feparate  Ruler,  ferving  as  a  Scale. 

This  being  done,  fuppofe  any  Number  is  to  be  placed  upon  the  fecond  Face  ;  as,  for  Ex- 
ample, 60  :  Seek  in  the  Table  of  Logarithms  for  60,  which  will  be  found  againft  39  and  40, 
or  rather  againft  3981,  without  having  regard  to  the  Numbers  1,2,3,  tnat  precede  it, 
and  which  are  called  Charaderifticks  :  therefore  I  take  98,  or  981,  by  efleeming  one  Part 
divided  into  10,  upon  the  fmall  Scale  divided  into  100,  and  I  place  this  Diftance  next  to  the 
third  occult  Point,  which  denotes  three  Centefms,  or  three  Thoufandths.  You  muft  thus  mark 
Divifions  from  5  to  5,  and  every  of  thefe  5thsmuft  again  be  fubdivided  into  5  equal  Parts. 
Finally,  upon  the  End  of  this  Face,  you  muft  write  Lengths. 

The  Manner  of  dividing  the  firft  Face. 

The  firft  Part  of  this  Face,  which  is  not  divided,  reprefents  the  Diameter  of  a  Cylindri- 
cal Veflel  holding  one  Paris  Pint  ;  therefore  its  Length  muft  be  3  Inches,    Hi  Lines. 

And  for  dividing  this  Face,  lay  oft"  upon  it  the  Divifions  of  the  fecond  Face  ;  but  inftead 
of  writing  5,  10,  15,  20,  25,  &c.  write  their  Doubles,  10,20,  30,  40,  50,  &c.  and  fubdi- 
vide  the  Intervals  into  10  Parts,  and  at  the  End  of  this  Face  write  Diameters- 

The  U  S  E  of  the  Neiu  Gauging-Rod. 

Meafure  the  Length  of  the  mean  Diameter  of  the  Veflel  with  the  Face  of  Diameters  of 

your  Rod,   which  fuppofe  to  be  153.00.     Likewife  take  the  Length  of  the  Veflel 

153.00      with  the  fecond  Face  of  your  Rod,    which   fuppofe  to  be  92.85  ;    add   thefe   two 

92.85      Numbers  together,   then  feek   their  Sum  245.85  upon   the  third  Face,    and  over 

againft  it,  on  the  fourth  Face,  you  will  have  3d  Setiers,  or  288  Pints. 

245.85  But  to  make  the  Ufe  of  this  Rod  general  ;    fuppofe   the  Weight  of  a  Pint  of 

frefti  Water  of  fome  Country   be   50  Ounces  Avoirdupoife  ;     then  feek  31,  the 
Number  of  Ounces  Avoirdupoife  a  Paris  Pint  of  frefh  Water  weighs,  upon   the  fourth  Face 
of  Setiers  of  the  Rod,    which  will  be  found  againft  239.4  on  the  third  Face. 
Likewife,   againft  50  on  the  fourth  Face,   anfwers  260.2  on  the  third  Face. 

Then  from  2 60.2')  T  Again  from  245.85    before  found 

Take  239    Cj  Take  20.80 

And  there  remains  20.8  J  C  And  there  remains  225.05 
Now  againft  this  Number  225.05,  on  the  third  Face,  you  will  find,    on  the  fourth  Face,    22 
Setiers  2  Pints,  or  178  Pints,  which  is  the  Number  of  Pints  of  that  Country  a  Veflel  of  the 
aforefaid  Dimenfions  holds. 

SECTION     VII. 

Of  the  USE  of  the  Line  of  Metals. 

U  S  E  I.  The  Diameter  of  a  Ball,  of  any  one  of  the  fix  Met  ah,  being  given  ;  to  find  the  Diameter 
of  another  Bali  \f  any  one  of  them,  which  pall  have  the  fame  Weight. 
OPEN  the  Se&or,  and. taking  the  given  Diameter  of  the  Ball    between  your  Compalfes, 
apply  its  Extremes  to  the  Characters  upon  each  Line  of  Metals,  exprefling  the  Metal  the  Ball 

is 
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is  made  of.  The  Sector  remaining  thus  opened,  take  the  Diftance  of  the  Characters  of  the 
Metal,  the  fought  Diameter  is  to  be  of,  upon  each  Line  of  Metals,  and  this  will  be  the  Fig.  18. 
Diameter  fought.  As,  for  Example,  let  A  B  be  the  Diameter  of  a  Ball  of  Lead,  and  it  is 
required  to  find  the  Diameter  of  a  Ball  of  Iron,  having  the  fame  Weight.  Open  the  Sec- 
tor, fo  that  the  Diftance  between  the  Points  h  and  h  be  equal  to  the  Line  A  B  :,  The  Sec- 
tor remaining  thus  opened,  take  the  Diftance  of  the  Points  of  <f  on  each  Line  of  Metals,  and 
that  will  give  C  D,  the  Length  of  the  Diameter  fought.  If,  inftead  of  Balls,  fimilar  Solids 
of  feveral  Sides  had  been  propofed,  make  the  fame  Operation,  as  before,  lor  finding  each  of 
their  homologous  Sides,  in  order  to  have  the  Lengths,  Breadths,  and  Thicknefles  of  the  Bo- 
dies to  be  made. 

U  S  E  II.  To  find  the  Proportion  that  each  of  the  fix  Metals  have  to  one  another,  as  to  their  Weight. 

For  Example  ;  it  is  required  to  find  what  Proportion  two  fimilar  and  equal  Bodies,  but 
of  different  Weights,  have  to  one  another. 

Having  taken  the  Diftance  from  the  Center  of  the  Joint  of  your  Sector,  to  the  Point  of 
the  Character  of  that  Metal  of  the  two  propofed  Bodies  which  is  leaft,  (and  which  is  always 
more  diftant  from  the  Center)  apply  the  laid  Diftance  acrms  to  any  two  equal  Divilions  on 
both  the  Lines  of  Solids.  The  Sector  remaining  thus  opened,  take  the  Diftance  on  the  Line 
of  Metals,  from  the  Center  of  the  Joint  to  the  Point,  denoting  the  other  Metal  :  and  ap- 
plying it  to  both  Lines  of  Solids,  fee  if  it  will  fall  upon  fome  equal  Number  on  each  Line  ; 
if  it  will,  that  Number,  and  the  other  before,  will,  by  permuting  them,  fhew  the  Propor- 
tions of  the  Metals  propofed. 

As,  for  Example :  to  find  the  Proportion  of  the  Weight  of  a  Wedge  of  Gold,  to  the 
Weight  of  a  fimilar  and  equal  Wedge  of  Silver. 

Now  becaufe  Silver  weighs  lefs  than  Gold,  open  the  Sector,  and  having  taken  the  Diftance 
from  the  Center  of  the  Joint  to  the  Point  j>,  apply  it  to  the  Numbers  50  and  50  on  each 
Line  of  Solids.  The  Sector  remaining  thus  opened,  take  the  Diftance  from  the  Center  to 
the  Point  ©,  and  applying  it  on  each  Line  of  Solids,  and  you  will  find  it  to  fall  nearly  upon 
the  27th  Solid  on  each  Line.  Whence  I  conclude,  the  Weight  of  the  Gold  to  the  Weight 
of  the  Silver,  is  as  50  to  27  £,  or  as  ioo  to  54  \  ;  that  is,  if  the  Wedge  of  Gold  weighs 
100  Pounds,  the  Wedge  of  Silver  will  weigh  54  f  Pounds,  and  fo  of  other  Metals,  whofe 
Proportions  are  more  exactly  laid  down  by  the  Numbers  of  Pounds  and  Ounces  that  a  cu- 
bick  Foot  of  each  of  the  Metals  weighs,  as  is  exprefled  in  the  Table  adjoining  to  the  Proof 
of  the  Line  of  Metals.  If  neverthelefs  their  Proportions  are  required  in  lefler  Numbers,  you 
will  find,  that  if  a  Wedge  of  Gold  weighs  ioo  Marks,  a  Wedge  of  Lead,  of  the  fame  Big- 
nefs,  will  weigh  about  60  I,  one  of  Silver  54  j,  one  of  Brafs  47  k,  one  of  Iron  42  rs,  and 
one  of  Tin  39  Marks. 

U  S  E  III.  Any  Body  of  one  of  the  fix  Metals  being  given  ;  to  find  the  Weight  of  any  one  of  the  five 
others,  which  is  to  be  made  fimilar  and  equal  to  the  propofed  one. 
For  Example  ;  let  a  Ciftern  of  Tin  be  propofed,  and  it  is  required  to  make  another  of  Sil- 
ver equal  and  fimilar  to  it.  Firft  weigh  the  Tin-Ciftern,  which  fuppofe  3  6  Pounds.  This 
being  done,  open  the  Sector,  and  having  taken  the  Diftance  'from  the  Center  or  the  Sector  to 
the  Point  ),  (which  is  the  Metal  the  new  Ciftern  is  to  be  made  of)  apply  that  Diftance  to 
36  and  36  on  each  Line  of  Solids.  Then  take  the  Diftance,  upon  the  Line  of  Metals,  of 
the  Point  % ,  from  the  Center  ;  and  applying  that  Diftance  crofs-wife  on  each  of  the  Lines 
of  Solids,  you  will  find  it  nearly  fall  upon  50  and  50  on  each  Line  :  Whence  the  Weight  of 
a  Silver  Ciftern  muft  be  50  4  Pounds,  to  be  equal  in  Bignefs  to  the  Tin-Ciftern.  The  Proof 
of  this  Operation  may  be  had  by  Calculation,  viz,,  in  multiplying  the  different  Weights  re- 
ciprocally by  thofe  of  a  Cubick  Foot  of  each  of  the  Metals.  As,  in  this  Example;  multi- 
plying 720  lib.  12  Ounces,  which  is  the  Weight  of  a  Cubick  Foot  of  Silver,  by  36  lib.  which 
is  the  Weight  of  the  Tin-Ciftern  ;  and  again,  multiplying  516  lib.  2  Ounces,  which  is  the 
Weight  of  a  Cubick  Foot  of  Tin,  by  50  *  Pounds,  which  is  the  Weight  of  the  Silver  Cif- 
tern, the  two  Products  ought  to  be  equal. 

USE  IV.  "the  Diameters,  or  Sides,  of  two  fimilar  Bodies  of  different  Metals,  being  given  ; 

to  find  the  Ratio  of  their  Weights. 
Let,  for  Example,  the  Diameter  of  a  Ball  of  Tin  be  the  right  Line  E  F,  and  the  Line  Fig.  15 
G  H  the  Diameter  of  a  Ball  of  Silver  ;  it  is  required  to  find  die  Ratio  of  the  Weights  of 
thefe  two  Balls.  Open  the  Sector,  and  taking  the  Diameter  E  F  between  your  Compafles, 
apply  it  to  the  Points  ¥  on  each  Line  of  Metals.  The  Sector  remaining  thus  opened,  take 
the  Diftance  of  the  Points  )  on  each  Leg  of  the  Sector  ;  which  compare  with  the  Diameter 
G  H,  in  order  to  fee  whether  it  is  equal  to  it  :  for  if  it  be,  the  two  Balls  muft  be  of  the 
fame  Weight.  But  if  the  Diameter  of  the  Ball  of  Silver  be  lefler  than  the  Diftance  of  the 
Points  >,  on  each  Leg  of  the  Sector,  as  here  KL  is,  it  is  manifeft  that  the  Ball  of  Silver 
weighs  lefs  than  the  Ball  of  Tin  ;  and  to  know  how  much,  the  Diameters  G  H  and  G  L 
muft  be  compared  together.  Wherefore  apply  the  Diftance  of  the  Points  > ,  which  is  G  H, 
on  each  Leg  of  the  Sector,  to  fome  equal  Number  on  both  the  Lines  of  Solids  ;  as,  for  Exam- 

S  P*e, 
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Line  of  Chords,  then,  as  I  have  already  faid,  the  fame  Extent  will  reach  from  45  to  45,  on 
•the  Line  of  Tangents  ;  alfo  on  the  other  Side  of  the  Sector,  the  fame  Diftance  of  three  Inches, 
will  reach  from  go  to  90  on  the  Line  of  Sines  :  fo  that  if  the  Lines  of  Chords  be  let  to  any 
Radius,  the  Lines  of  Sines  and  Tangents  are  alfo  fet  to  the  fame.  Now  the  Sector  being 
thus  opened,  if  you  take  the  parallel  Diftance  between  10  and  10  on  the  Line  of  Chords,  it 
will  give  the  Chord  of  10  Degrees.  Alfo  if  you  take  the  parallel  Diftance  on  the  Line  of  Sines 
between  10  and  10,  you  will  have  the  Sine  of  10  Degrees.  Laftly,  if  you  take  the  parallel 
Extent  on  the  Line  of  Tangents,  between  10  and  10,  it  will  give  you  the  Tangent  of  IO 
Degrees. 

If  the  Chord,  or  Tangent  of  70  Degrees,  had  been  required;  then  for  the  Chord  you  muft. 
take  the  parallel  Diftance  of  half  the  Arc  propofed,  that  is,  the  Chord  of  3  5  Degrees,  and 
repeat  that  Dillance  twice  on  the  Arc  you  lay  it  down  on,  and  you  will  have  the  Chord  of  70 
Degrees ;  and  for  finding  the  Tangent  of  70  Degrees  to  the  aforefaid  Radius,  you  muft  make 
ufe  of  the  fmall  Line  of  Tangents  :  for  the  great  one  running  but  to  45  Degrees,  the  Parallel 
of  70  cannot  be  taken  on  that,  therefore  take  the  Radius  of  three  Inches,  and  make  it  a  Pa- 
rallel between  45  and  45  on  the  fmall  Line  of  Tangents  ;  and  then  the  parallel  Extent  of  70 
Degrees  on  the  laid  Line,  is  the  Tangent  of  70  Degrees  to  3  Inches  Radius. 

If  you  would  have  the  Secant  of  any  Arc,  then  take  the  given  Radius,  and  make  it  a  Pa- 
rallel between  the  beginning  of  the  Line  of  Secants,  that  is  0  and  o  ;  lb  the  parallel  Dif- 
tance between  10  and  10,  or  70  and  70,  on  the  faid  fecant  Line,  will  give  you  the  Secant  of 
10,  or  70  Degrees,  to  the  Radius  of  three  Inches. 

After  this  manner  may  the  Chord,  Sine,  or  Tangent  of  any  Arc  be  found,  provided  the 
Radius  can  be  made  a  Parallel  between  60  and  60  on  the  Line  of  Chords,  or  between  the 
fmall  Tangent  of  45,  or  Secant  of  o  Degrees.  But  if  the  Radius  be  fo  large,  that  it  cannot 
be  made  a  Parallel  between  45  and  45  on  the  fmall  Line  of  Tangents,  then  there  cannot  be 
found  a  Tangent  of  any  Arc  above  45  Degrees,  nor  the  Secant  of  no  Arc  at  all  to  fuch  a 
Radius,  becaufe  all  Secants  are  greater  than  the  Radius,  or  Semi-diameter  of  a  Circle. 

If  the  Converfe  of  any  of  thefe  things  be  required  ;  that  is,  if  the  Radius  is  fought,  to 
which  a  given  Line  is  the  Chord,  Sine,  Tangent,  or  Secant  of  any  Arc,  fuppofe  of  10  De- 
grees ;  then  it  is  but  making  that  Line  (if  it  be  a  Chord)  a  Parallel  on  the  Line  of  Chords 
between  10  and  10,  and  the  Sector  will  ftand  at  the  Radius  required  ;  that  is,  the  parallel 
Extent  between  60  and  60,  on  the  faid  Chord-Line,  is  the  Radius. 

And  fo  if  it  be  a  Sine,  Tangent,  or  Secant,  it  is  but  making  it  a  Parallel  between  the 
Sine,  Tangent,  or  Secant  of  10  Degrees,  according  as  it  is  given  ;  then  will  the  Diftance  of 
90  and  90  on  the  Sines,  if  it  be  a  Tangent,  the  Extent  from  45  to  45  on  the  Tangents, 
and  if  it  be  a  Secant,  the  Extent  or  Diftance  between  o  and  o,  be  the  Radius. 

Hence,  you  fee,  it  is  very  eafy  to  find  the  Chord,  Sine,  Tangent,  or  Secant  to  any  Radius. 

SECTION    III. 

Of  the  USE  of  the  Seffior  in  trigonometry. 

U  S  E  I.  The  Bafe  A  C  of  the  right-lined  right-angled  Triangle  ABC  being  given  40  Miles  t  and 
the  Perpendicular  A  B  3  o  :  to  find  the  Hypothenufe  B  C. 
Fig.  11,  Open  the  Sector,  fo  that  the  twro  Lines  of  Lines  may  make  a  right  Angle  (by  Ufe  VI.  of 

our  Author's)  then  take,  for  the  Bafe,  A  C,  40  equal  Parts  upon  the  Line  of  Lines  on  one 
Leg  of  the  Sector  ;  and  for  the  Perpendicular  A  B,  30  equal  Parts  on  the  Line  of  Lines  upon 
the  other  Leg  of  the  Sector.  Then  the  Extent  from  40  on  one  Line,  to  30  on  the  other, 
taken  with  your  CompafTes,  will  be  the  Length  of  the  Hypothenufe  B  C  ;  and  applying  it 
on  the  Line  of  Lines,  you  will  find  it  to  be  50  Miles. 

USE   II.  The  Perpendicular  A  B   oj  "the  right-angled  Triangle  ABC  being  given  30  Miles , 
and  the  Angle  B  C  A  3  7  Degrees  ;  to  find  the  Hypothenufe  B  C 
Fig.  22.  Take  the  given  Side  A  B,  and  fet  it  over,  as  a  Parallel,  on  the  Sine    of  the  given  Angle 

A  C  B  ,•  then  the  parallel  Radius  will  be  the  Length  of  the  Hypothenufe  B  C,  which  will 
be  found  50  Miles,  by  applying  it  on  the  Line  of  Lines. 

USE  III.  The  Hypothenufe  B  C  being  given,  and  the  Bafe  AC  ;  to  find  the  Perpendicular  A  B. 
Fig.  22.  Open  the  Sector,  fo  that  the  two  Lines  of  Lines  may  be  at  right  Angles  ;  then  lay  off  the 

given  Bafe  A  C  on  one  of  thefe  Lines  from  the  Center  ;  take  the  Hypothenufe  B  C  in  your 
CompafTes,  and  fetting  one  Foot  in  the  Term  of  the  given  Bafe  A  C,  caufe  the  other  to  fall 
on  the  Line  of  Lines  on  the  other  Leg  of  the  Sector,  and  the  Diftance  from  the  Center  to 
where  the  Point  of  the  CompafTes  falls,   will  be  the  Length  of  the  Perpendicular  A  B. 

USE  IV.  The  Hypothenufe  B  C   being  given,    and  the  Angle  ACB;  to  find  the  Perpendi- 
cular A  B. 
Take  the  given  Hypothenufe  B  C,  and  make  it  a  parallel  Radius,  and  the  parallel  Sine  of 
the  Angle  ACB  will  be  the  Length  of  the  Side  A  B. 

USE 
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Line  of  Chords,  then;  as  I  have  already  faid,  the  fame  Extent  will  reach  from  45  to  45,  on 
the  Line  of  Tangents  ;  alfo  on  the  other  Side  of  the  Se&or,  the  fame  Diftance  of  three  Inches, 
will  reach  from  00  to  90  on  the  Line  of  Sines  :  fo  that  if  the  Lines  of  Chords  be  let  to  any 
Radius,  the  Lines  of  Sines  and  Tangents  are  alfo  fet  to  the  fame.  Now  the  Sector  being 
thus  opened,  if  you  take  the  parallel  Diftance  between  10  and  10  oil  the  Line  of  Chords,  it 
will  give  the  Chord  of  10  Degrees.  Alfo  if  you  take  the  parallel  Diftance  on  the  Line  of  Sines 
between  10  and  10,  you  will  have  the  Sine  of  10  Degrees.  Laftly,  if  you  take  the  parallel 
Extent  on  the  Line  of  Tangents,  between  10  and  10,  it  will  give  you  the  Tangent  of  10 
Degrees. 

If  the  Chord,  or  Tangent  of  70  Degrees,  had  been  required;  then  for  the  Chord  you  muft 
take  the  parallel  Diftance  of  half  the  Arc  propofed,  that  is,  the  Chord  of  3  5  Degrees,  and 
repeat  that  Diftance  twice  on  the  Arc  you  lay  it  down  on,  and  you  will  have  the  Chord  of  70 
Degrees  ;  and  for  finding  the  Tangent  of  70  Degrees  to  the  aforefaid  Radius,  you  muft  make 
ufe  of  the  fmall  Line  of  Tangents  :  for  the  great  one  running  but  to  45  Degrees,  the  Parallel 
of  70  cannot  be  taken  on  that,  therefore  take  the  Radius  of  three  Inches,  and  make  it  a  Pa- 
rallel between  45  and  45  on  the  fmall  Line  of  Tangents  ;  and  then  the  parallel  Extent  of  70 
Degrees  on  the  laid  Line,  is  the  Tangent  of  70  Degrees  to  3  Inches  Radius. 

If  you  would  have  the  Secant  of  any  Arc,  then  take  the  given  Radius,  and  make  it  a  Pa- 
rallel between  the  beginning  of  the  Line  of  Secants,  that  is  o  and  o;  fo  the  parallel  Dif- 
tance between  10  and  10,  or  70  and  70,  on  the  faid  fecant  Line,  will  give  you  the  Secant  of 
10,  or  70  Degrees,  to  the  Radius  of  three  Inches. 

After  this  manner  may  the  Chord,  Sine,  or  Tangent  of  any  Arc  be  found,  provided  the 
Radius  can  be  made  a  Parallel  between  60  and  60  on  the  Line  of  Chords,  or  between  the 
fmall  Tangent  of  45,  or  Secant  of  o  Degrees.  But  if  the  Radius  be  fo  large,  that  it  cannot 
be  made  a  Parallel  between  45;  and  45  on  the  fmall  Line  of  Tangents,  then  there  cannot  be 
found  a  Tangent  of  any  Arc  above  45  Degrees,  nor  the  Secant  of  no  Arc  at  all  to  fuch  a 
Radius,  becaufe  all  Secants  are  greater  than  the  Radius,  or  Semi-diameter  of  a  Circle. 

If  the  Converfe  of  any  of  thefe  things  be  required  ;  that  is,  if  the  Radius  is  fought,  to 
which  a  given  Line  is  the  Chord,  Sine,  Tangent,  or  Secant  of  any  Arc,  fuppofe  of  10  De- 
grees ;  then  it  is  but  making  that  Line  (if  it  be  a  Chord)  a  Parallel  on  the  Line  of  Chords 
between  10  and  10,  and  the  Sector  will  ftand  at  the  Radius  required  ;  that  is,  the  parallel 
Extent  between  60  and  <5o,  on  the  faid  Chord-Line,  is  the  Radius. 

And  fo  if  it  be  a  Sine,  Tangent,  or  Secant,  it  is  but  making  it  a  Parallel  between  the 
Sine,  Tangent,  or  Secant  of  10  Degrees,  according  as  it  is  given  ;  then  will  the  Diftance  of 
90  and  oo  on  the  Sines,  if  it  be  a  Tangent,  the  Extent  from  45  to  45  on  the  Tangents, 
and  if  it  be  a  Secant,  the  Extent  or  Diftance  between  o  and  o,  be  the  Radius. 

Hence,  you  fee,  it  is  very  eafy  to  find  the  Chord,  Sine,  Tangent,  or  Secant  to  any  Radius. 

SECTION    III. 

Of  the  USE  of  the  Sector  in  Tirigonometry. 

U  S  E  I.  The  Bafe  A  C  of  the  right-lined  right-angled  Triangle  ABC  being  given  40  Miles,  and 
the  Perpendicular  AB30:  to  find  the  Hypothenufe  B  C 
Fig.  ii.  Open  the  Sector,  fo  that  the  two  Lines  of  Lines  may  make  a  right  Angle  (by  Ufe  VI.  of 

our  Author's)  then  take,  for  the  Bafe,  A  C,  40  equal  Parts  upon  the  Line  of  Lines  on  one 
Leg  of  the  Sector  ;  and  for  the  Perpendicular  A  B,  30  equal  Parts  on  the  Line  of  Lines  upon 
the  other  Leg  of  the  Sector.  Then  the  Extent  from  40  on  one  Line,  to  3  o  on  the  other, 
taken  with  your  Compafles,  will  be  the  Length  of  the  Hypothenufe  B  C  ;  and  applying  it 
on  the  Line  of  Lines,  you  will  find  it  to  be  5  o  Miles. 

USE   II.  The  Perpendicular  A  B   0/  "the  right-angled  Triangle  ABC  being  given  30  Miles, 
and  the  Angle  B  C  A  3  7  Degrees  ;  to  find  the  Hypothenufe  B  C 
Fig.  22.  Take  the  given  Side  A  B,  and  fet  it  over,  as  a  Parallel,  on  the  Sine    of  the  given  Angle 

ACB;  then  the  parallel  Radius  will  be  the  Length  of  the  Hypothenufe  B  C,  which  will 
be  found  50  Miles,  by  applying  it  on  the  Line  of  Lines. 

USE  III.  The  Hypothenufe  B  C  being  given,  and  the  Bafe  A  C  ',  to  find  the  Perpendicular  A  B. 
Fig.  12.  Open  the  Sector,  fo  that  the  two  Lines  of  Lines  may  be  at  right  Angles  ;  then  lay  off  the 

given  Bafe  A  C  on  one  of  thefe  Lines  from  the  Center  ;  take  the  Hypothenufe  B  C  in  your 
Compaffes,  and  fetting  one  Foot  in  the  Term  of  the  given  Bafe  A  C,  caufe  the  other  to  fall 
on  the  Line  of  Lines  on  the  other  Leg  of  the  Seclor,  and  the  Diftance  from  the  Center  to 
where  the  Point  of  the  Compafles  falls,   will  be  the  Length  of  the  Perpendicular  A  B. 

USE  IV.  The  Hypothenufe  B  C   being  given,    and  the  Angle  ACB;  to  find  the  Perpendi- 
cular A  B. 
Take  the  given  Hypothenufe  B  C,  and  make  it  a  parallel  Radius,  and  the  parallel  Sine  of 
the  Angle  ACB   will  be  the  Length  of  the  Side  A  B. 

USE 
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U  S  E  V.      'the  Bafe  A  C,  and  Perpendicular  A  B,   being  given,  to  'find  the  Angle  B  C  A. 
Lay  oiV  the  Bafe  AC  on  both  Sides  of  the  Sector  from  the  Center,  and  note  its  Extent; 
then  take  the  Perpendicular  A  B,  and  to  it  open  the  Sector  in  the  Terms  of  the   Bafe   A  C  : 
fo  the  Parallel  Radius  will  be  the  Tangent  of  B  C  A. 

USE  VI.  Li  any  right-lined  Triangle,  as  A  B  C,  the  Sides  A  C,  and  B  C,  being  given.,  one  20 
Miles,  and  the  other  30,  and  the  included  Angle  A  C  B  no  Degrees,  to  find  the  Bafe  A  B. 
Open  the  Sector,  fo  that  the  two  Lines  of  Lines  may  make  an  Angle  equal  to  the  given  An-  Fig,  23. 
gle  A  C  B  of  1 10  Degrees  ',  then  take  out  the  Sides  AC,  C  B,  of  the  Triangle,  and  lay  them 
oft'  from  the  Center  of  the  Sector  on  each  of  the  Lines  of  Lines,  and  take  in  your  Compafles 
the  Extent  between  their  Terms,  or  Ends,  and  that  will  be  the  Length  of  the  fought  Side 
A  B,  which  will  be  found  41  f  Miles. 

U  S  E  VII.    The  Angles  CAB,  and  AC  B,  being  given,  and  the  Side  C  B :  to  find  the 

Bafe  A  B. 

Take  the  given  Side  C  B,  and  turn  it  into  the  parallel  Sine  of  its  oppofite  Angle  C  A  B,  Fig.  23. 
d  die  parallel  Sine  of  the  Angle  A  C  B,  will  be  the  Length  of  the  Bafe  A  B. 

USE  VIII.     The  three  Angles  of  a  Triangle,  as  A  B  C,  being  given,  to  find  the  Proportion 

of  the  Sides  A  B,  A  C,  B  C. 
Take  the  lateral  Sines  of  the  Angles  A  C  B,  C  B  A,  CAB,  and  meafure  them  in  the  Line  Fig.  23. 
of  Lines,  for  the  Numbers  belonging  to  thofe  Lines  will  give  the  Proportions  of  the  Sides. 

USE  IX.    The  three  Sides  AC,  A  B,  C  B,  being  given,  to  find  the  Angle  A  C  B. 
Lay  the  Sides  A  C,  C  B,  on  the  Lines  of  Lines  of  the  Sector  from  the  Center,  and  let  the  Fig-  33« 
Side  A  B  be  fitted  over  in  their  Terms ;  fo  fhall  the  Sector  be  opened  in  thofe  Lines,  to  the 
Quantity  of  the  Angle  A  C  B. 

USE  X.  The  Hypothenufe  A  C,  of  the  right-angled  Spherical  Triangle  ABC,  being  given,  fup- 

pofe  43  Degrees,  and  the  Angle  CAB,  20  Degrees,  to  find  the  Side  C  B. 

As  Radius  is  to  the  Sine  of  the  given  Hypothenufe  43  Degrees,  fo  is  the  Sine  of  the  given  pig.  24, 
Angle  C  A  B  20  Degrees,  to  the  Sine  of  the  Perpendicular  C  B. 

Take  either  the  lateral  Sine  of  the  given  Angle  CAB,  20  Degrees,  and  make  it  a  parallel 
Radius  ;  that  is,  take  20  Degrees  from  the  Center  on  the  Line  of  Sines,  in  your  Compafles, 
and  fet  that  Extent  from  00  to  90  ;  then  the  parallel  Sine  of  43  Degrees,  the  given  Hypo- 
thenufe, will,  when  meafured  from  the  Center  on  the  Line  of  Sines,  give  13  Deg.  30  Min. 
Or  take  the  Sine  of.  the  given  Hypothenufe  A  C,  43  Degrees,  and  make  it  a  parallel  Radius ; 
and  the  parallel  Sine  of  the  given  Angle  CAB,  taken  and  meafured  laterally  on  the  Line  of 
Sines,  will  give  the  Length  of  the  Perpendicular  C  B,   13  Deg.  30  Min.  as  before. 

USE  XI.     The  Perpendicular  B  C  given,  and  the  Hypothenufe  A  C,  to  find  the  Bafe  A  B. 

As  the  Sine  Complement  of  the  Perpendicular  B  C,  is  to  Radius,  fo  is  the  Sine  Comple-   1S'2*' 
ment  of  the  Hypothenufe  A  C,  to  the  Sine  Complement  of  the  Bafe  required. 

Make  the  Radius  a  parallel  Sine  of  the  given  Perpendicular  B  C,  viz,.  76  Deg.  30  Min. 
and  then  the  parallel  Sine  of  the  Complement  of  the  given  Hypothenufe,  viz,.  4J  Degrees, 
meafured  laterally  on  the  Line  of  Sines,  will  be  found  49  Degrees,  25  Minutes:  therefore  the 
Complement  of  the  required  Bafe,  will  be  49  Degrees,  25  Minute?;  and  confequently  the 
Bafe  will  be  40  Degrees,  3J  Minutes. 

The  Ufe  of  the  Sector  in  the  Solution  of  the  before-mentioned  Cafes  of  Trigonometry, 
being  understood,  its  Ufe  in  folving  the  other  Cafes,  which  I  have  omitted,  will  not  be 
difficult. 

Note,  The  feveral  Ufes  of  the  Line  of  Lines,  and  Line  of  Polygons,  on  this  Sector,  are  the 
fame  as  the  Ufes  of  thefe  Lines  upon  the  French  Sector,  which  fee. 

I  now  proceed  to  give  fome  of  the  particular  Ufes  of  the  Sector  in  Geometry,  Projection  of 
the  Sphere,  and  Dialling. 

SECTION    IV. 

U  S  E  I.     To  make  any  regular  Polygon,  whofe  Area  fjj  ill  be  of  a  given  Magnitude. 

LET  it  be  required  to  find  the  Length  of  one  of  the  Sides  of  a  regular  Pentagon,  whofe 
fuperfkial  Area  fhall  be  125  Feet,  and  from  thence  to  make  the  Polygon. 

Having  extracted  the  fquare  Root  of  £  Part  of  125   (becaufe  the  Figure  is  to  have  5  Sides) 
which  Root  will  be  5  ;  make  the  Square  A  B,  whofe  Side  let   be  5  Feet :    then  by  means  of 
the  Line  of  Polygons  (as  directed  by  our  Author  in  USE  I.  of  the  Line  of  Polygons)  upon  any  pj_  2?t 
right  Line,  as  C  D,  make  the  Ifoiceles  Triangle  C  G  D  fo,  that  C  G,  being  the  Semi-diame- 
ter of  a  Circle,  C  D  may  be  the  Side  of  a  regular  Pentagon  infcribed  in  it,  and  let  fall  the 

T  Perpendicular 
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Perpendicular  G  E.  Now  continuing  the  Lines  E  G,  and  E  C,  make  E  F  equal  to  the  Side  of 
the  Square  A  B ;  and  from  the  Point  F,  draw  the  right  Line  F  H  parallel  toGC;  then  a  mean 
Proportional  betwen  G  E,  and  EF,  will  be  equal  to  half  the  Side  of  the  Polygon  fought, 
which  doubled,  will  give  the  whole  Side.  Now  having  found  the  Length  of  the  whole  Side, 
you  muft,  upon  the  Line  expreffing  its  Length,  make  a  Pentagon,  (as  directed  by  our  Author 
in  US E  II.  of  the  Line  of  Polygons)  which  will  have  the  required  Magnitude. 

U  S  E  II.     A  Circle  being  given,  to  find  the  Side  of  a  Square  equal  to  it. 
F5    ?5  Let  E  F  be  the  Diameter  of  the  given  Circle,  which  divide  into  14  equal  Parts,  by  means  of 

lg'2  the  Line  of  Lines  (as  directed  by  our  Author  in  the  Ufe  of  the  Line  of  equal  Parts)  then  E  P, 

which  is  12.4  of  thofe  Parts,  will  be  the  Side  of  the  Square  fought. 
Note,  12.4  is  the  fquare  Root  of  1 1  x  14. 

USE  III.     A  Square  being  given,  to  find  the  Diameter  of  a  Circle  equal  to  it. 
Fig.  27.  Let  A  B  be  one  Side  of  the  given  Square,  which  divide  into  1 1  equal  Parts,  by  means  of 

the  Line  of  Lines  on  the  Sector  ;  then  continue  the  faid  Side,  fo  that  A  G  may  be  12.4;  that 
is,  1.4  of  thofe  Parts  more,  and  the  Line  A  G,  will  be  the  Diameter  of  a  Circle,  equal  to  the 
Square  whofe  Side  is  A  B. 

USE  IV.     "the  tranfverfe  and  conjugate  Diameters  of  an  Ellipfis  being  given,  to  find  the  Side 

of  a  Square  equal  to  it. 
Fig.  28.  Let  A  B,  and  C  D,  be  the  tranfverfe  and  conjugate  Diameters  of  an  Ellipfis  :  firft,  find  a 

mean  Proportional  between  the  tranfverfe  and  conjugate  Diameters,  which  let  be  the  Line 
E  F;  then  divide  the  faid  Line  E  F,  into  14  equal  Parts,  12  and  *5  of  which,  will  be  E  G, 
the  Side  of  the  Square  equal  to  the  aforefaid  Ellipfis. 

U  S  E  V.     To  find  the  Magnitude  of  two  right  Lines  which  foaU  le  in  a  given  Ratio ;  about  -which, 

an  Ellipfis  being  defcribed,  in  taking  them  for  the  tranfverfe  and  conjugate  Diameters,  the  Area  of 

the  faid  Ellipfis,  may  be  equal  to  a  given  Square. 

Fig.  29.  Let  the  given  Proportion  that  the  tranfverfe  and  conjugate  Diameters  are  to  have,  be  as 

a  to  1  ;  then  divide  the  Side  A  B  of  the  given  Square,  into  1 1  equal  Parts.     Now  as  2  is  to 

1,  (the  Terms  of  the  given  Proportion)  fo  is  1 1  X  14=154  to  a  fourth  Number ;  the  fquare 

Root  of  which  being  extracted,  will  be  a  Number  to  which,  if  the  Line  A  G  is  taken  equal, 

(fuppofing  one  of  thofe  11  Parts  the  Side  of  the  Square  is  divided  into,  to  be  Unity)  the  faid 

Line  A  G,  will  be  the  conjugate  Diameter  fought.     Then  to  find  the  tranfverfe  Diameter, 

fay,  as   1  is  to  2,  fo  is  the  conjugate  Diameter  A  G,  to  the  tranfverfe   Diameter  fought. 

To  work  the  firft  of  the  faid  Proportions  by  the  Line  of  Lines  on  the  Se&or,  fet  1  over  as  a 

Parallel  on  2  ;  then  the  parallel  Extent  of  154  taken,  and  laterally  meafured  on  the  Line  of 

Lines,  will  give  77,  the  fourth  Proportional  fought.     In  the  fame  manner  may  the  latter 

Proportion  be  worked. 

USE  VI.  To  defer ibe  an  Ellipfis,  by  having  the  tranfverfe  and  conjugate  Diameters  given. 
Let  A  B,  and  E  D,  be  the  given  Diameters  :  take  the  Extent  AC,  or  C  B,  between  your 
F]g*  3**  Compafles,  and  to  that  Extent,  open  the  Legs  of  the  Se&or  fo,  that  the  Diftance  between 
90  and  po  of  the  Line  of  Sines,  may  be  equal  to  it :  then  may  the  Line  A  C  be  divided  into 
a  Line  of  Sines,  by  taking  the  parallel  Extents  of  the  Sine  of  each  Degree,  on  the  Legs  of  the 
Seftor,  between  your  Compafles,  and  laying  them  off  from  the  Center  C  ;  the  Line  A  C  be- 
ing divided  into  a  Line  of  Sines  (I  have  only  divided  it  into  the  Sine  of  every  10  Degrees) 
from  every  of  them  raife  Perpendiculars  both  ways-  Now  to  find  Points  in  the  faid  Perpen- 
diculars, thro  which  the  Ellipfis  mull  pafs,  take  the  Extent  of  the  fern i-con jugate  Diameter 
C  E,  between  your  Compafles  ;  and  then  open  the  Sector  fo,  that  the  Points  of  00  and  po, 
on  the  Lines  of  Sines  of  the  Sedor,  maybe  at  that  Diftance  from  each  other.  This  being 
done,  take  the  parallel  Sines  of  each  Degree,  of  the  Lines  of  Sines  of  the  Seftor,  and  lay 
them  off,  on  thofe  Perpendiculars  drawn  thro  their  Complements,  in  the  Line  of  Sines  A  C, 
both  ways  from  the  faid  Line  A  C,  and  you  will  have  two  Points  in  each  of  the  Perpendi- 
culars thro  which  the  Ellipfis  muft  pafs. 

As  for  Example,  the  Seftor  always  remaining  at  the  fame  Opening,  take  the  Diftance  from 
80  to  80,  on  the  Lines  of  Sines,  between  your  Compafles,  and  fetting  one  Foot  in  the  Point 
10,  on  the  Line  A  C ;  with  the  other  make  the  Points  a  and  b,  in  the  Perpendicular  pafling 
thro  that  Point :  then  the  Points  a  and  b,  will  be  the  two  Points  in  the  faid  Perpendicular, 
thro  which  the  Ellipfis  muft  pafs.  All  the  other  Points,  in  this  manner,  being  found,  if  they 
are  joined  by  an  even  Hand,  there  will  be  defcribed  the  Semi-Ellipfis  DAE.  In  the  fame 
manner  may  the  other  half  of  the  Ellipfis  be  defcribed. 


Fig.  3 1. 


USE  VII.  The  Bearings  of  three  Towers,  /landing  at  A  B  C,  to  each  ether  being  given,  that  is, 
the  Angles  ABC,  B  C  A,  and  CAB;  and  alfo  the  D fiances  of  each  of  them  from  a  fourth 
Tower  ftandtng  between  them,  as  at  D,  being  given  ;  that  is,  B  D,  DC,  and  A  D  being  given  : 

to 
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to  find  the  Diflances  of  the  Towers  at  A  B  C  from  each  other  ;    that  fa;  to  find  the  Lengths  of  the 

Sides  A  B,  B  C,  A  C,  of  the  Triangle  ABC. 

Having  drawn  the  Triangle  E  F  G  fimilar  to  ABC,  divide  the  Side  E  G  in  the  Point  H ;  Fig.  32 
fo  that  E  H  may  be  to  HG,  as  A  D  is  to  D  C  ;  which  may  be  done  by  taking  the  Sum  of 
the  Lines  A  D  and  D  C  between  your  Compaffes,  and  fetting  that  Extent  over  as  a  Parallel 
on  the  Line  of  Lines  of  the  Sedor,  upon  the  Side  E  G  of  the  Triangle,  laterally  taken 
on  the  Line  of  Lines  ;  for  then  the  parallel  Extent  of  A  D  will  give  the  Length  of  E  H,  and 
consequently  the  Point  H  will  be  had. 

In  like  manner  muft  the  Side  E  F  (or  F  G)  be  divided  fo  in  I,  that  E  I  may  be  to  I  F, 
as  A  D  is  to  D  B  (or  F  G  muft  be  fo  divided,  that  the  Segments  muft  be  as  B  D  to  D  C) 

Again,  having  continued  out  the  Sides  EG,  E  F,  fay,  As  E  H  —  H  G  is  to  H  G,  fo  is 
E  H  -f  H  G  to  GK ;  and  as  E  I  —  I  F  is  to  I  F,  fo  let  E  I  -f  I  F  be  to  F  M,  which 
Proportions  may  eafily  be  worked  by  the  Line  of  Lines  on  the  Sedor.  This  being  done,  bi- 
fed  H  K  and  I  M,  in  the  Points  L  N  ;  and  about  the  faid  Points,  as  Centers,  and  with  the 
Diflances  L  H  and  I  N  defcribe  two  Circles  interfering  each  other  in  the  Point  O  f  to 
which,  from  the  Angles  EFG,  draw  the  right  Lines  E  O,  F  O,  and  O  G,  which  will 
have  the  fame  Proportion  to  each  other,  as  the  Lines  A  D,  B  D,  D  C.  Now  if  the  Lines 
EO,  FO,  and  G  O  are  equal  to  the  given  Lines  AD,  B  D,  DC,  the  Diftances  E  F, 
F  G,  and  E  G,  will  be  the  Diftances  of  the  Towers  fought.  But  if  E  O,  O  F,  OG  are 
lefTer  than  A  D,  D  B,  D  C,  continue  them  outfo,  that  P  O,  O  R,  and  O  Q_  be  equal  to 
them  ;  then  the  Points  P,  Q,  R  being  joined,  the  Diftances  P  R,  R  Q,  and  P  Q_will  be  the 
Diftances  of  the  Towers  fought.  Laftly,  if  the  Lines  E  O,  O  F,  O  G,  are  greater  than 
AD,  D  B,  DC,  cut  off  from  them  Lines  equal  to  A  D,  B  D,  D  C,  and  join  the  Points  of 
Section  by  three  right  Lines  ;  then  the  Diftances  of  the  faid  three  right  Lines,  will  be  the 
fought  Diftances  of  the  three  Towers. 

Note,  If  E  H  be  equal  to  H  G,  or  E  I  to  I  F,  the  Centers  Land  N,  of  the  Circles,  will 
be  infinitely  diftant  from  H  and  I ;  that  is,  in  the  Points  H  and  I  there  muft  be  two  Perpen- 
diculars raifed  to  the  Sides  E  F,  EG,  infteadof  two  Circles,  till  they  interfed  each  other  : 
But  if  E  H  be  lefTer  than  H  G,  the  Center  L  will  fall  on  the  other  Side  of  the  Bafe  E  G 
continued  ;  underftand  the  fame  of  E  I,  I  F. 

USE  VIII.  To  project  the  Sphere  Orthographic  ally  upon  the  Plane  of  the  Meridian- 

"Let  the  Radius  of  the  Meridian  Circle,  upon  which  the  Sphere  is  to  be  projeded,  be  A  E  ;  Plate  & 
then  divide  the  Circumference  of  the  faid  Circle  into  four  equal  Parts  in  E,  P,  M,  S,  and  Fig.  t;.J 
draw  the  Diameters  E  vE,  P  S  ;  the  former  of  which  will  reprefent  the  Equator,  and  the  lat- 
ter P  S,  the  Hour-Circle  of  6,  as  alfo  the  Axis  of  the  World  j  P  being  the  North-Pole,  and 
S  the  South-Pole.  Then  muft  each  Quarter  of  the  Meridian  be  divided  into  00  Degrees,  by- 
making  the  Extent  from  60  to  60  of  the  Lines  of  Chords,  on  the  Sedor,  equal  to  the  Ra- 
dius of  the  Meridian  Circle  ;  and  taking  the  parallel  Extent  of  every  Degree,  and  laying 
them  oft"  from  the  Equator  towards  the  Poles  ;  in  which  if  23  Deg.  30  Min.  be  numbered, 
(•viz,,  the  Sun's  greateft  Declination)  from  Etos  Northwards,  and  from  £  to  w  South- 
wards, the  Line  drawn  from  <s  to  vy  will  be  the  Ecliptick,  and  the  Lines  drawn  Parallel  to 
the  Equator,  thro  <s  and  vy,  will  be  the  Tropicks. 

Now  if  each  Semidiameter  of  the  Ecliptick  be  divided  into  Lines  of  Sines  (by  making  the 
Diftance  of  the  Points  of  po  and  po,  on  the  Lines  of  Sines  of  the  Sedor,  equal  [to  either  of 
the  Semidiameters,  and  taking  out  the  parallel  Extent  of  each  Degree,  and  laying  them  off  both 
ways  from  the  Center  A)  the  firft  30  Degrees,  from  A  towards  ^5,  will  ftand  for  the  Sign 
Aries  ;   the  30  Degrees  next  following  for  Taurus ;  the  reft  for  n,  ®,  £1,  &c.  in  their  Order. 

If,  again,  A  P,  AS,  are  divided  into  Lines  of  Sines,  and  have  the  Numbers  10,20,30, 
&c.  to  po  fet  to  them,  the  Lines  drawn  thro  each  of  thefe  Degrees,  parallel  to  the  Equator, 
will  reprefent  the  Parallels  of  Latitude,  and  fhew  the  Sun's  Declination. 

If,  moreover,  A  E,  A  vE  are  divided  into  Lines  of  Sines,  and  alfo  the  Parallels,  and 
then  there  is  a  Line  carefully  drawn  thro  each  15  Degrees  ;  the  Lines  fo  drawn  will  be  Ellip- 
tical, and  will  reprefent  the  Hour-Circles  ;  the  Meridian  PES  the  Hour  of  12  at  Noon  ; 
that  next  to  it,  drawn  thro  75  Degrees  from  the  Center,  the  Hours  of  r  1  and  1  ;  that  which 
is  drawn  throo'o  Degrees  from  the  Center,  the  Hours  of  10  and  2,  &c. 

Then  with  refped  to  the  Latitude,  you  may  number  it  from  E,  Northwards,  towards  Z, 
and  there  place  the  Zenith,  (that  is,  make  tho  Arc  E  Z  51  Deg.  32  Min.  for  London  ;)  thro 
which,  and  the  Center,  the  Line  Z  A  N  being  drawn,  will  reprefent  the  vertical  Circle  paf- 
ftng  thro  the  Zenith  and  Nadir  Eaft  and  Weft  ;  and  the  Line  M  A  H,  crotlmg  it  at  right 
Angles,  will  reprefent  the  Horizon.  Thefe  two  being  divided,  like  the  Ecliptick  and  Equa- 
tor, the  Lines  drawn  thro  each  Degree  of  the  Radius  A  Z,  parallel  to  the  Horizon,  will  re- 
prefent the  Circles  of  Altitude,  and  the  Divifions  in  the  Horizon,  and  its  Parallels  will  give 
the  Azimuths,  which  will  be  Ellipfes. 

Laftly,  If  thro  18  Degrees  in  A  N,  be  drawn  a  right  Line  I  K,  parallel  to  the  Horizon, 
it  will  fiiow  the  Time  of  Day-breaking,  and  the  End  of  Twilight.  For  an  Example  of  this 
Projedion,  let  the  Place  of  the  Sun  be  the  laft  Degree  of  fc! ,  the  Parallel  paffing  thro  this 
Place  is  L  D,  and  therefore  the  Meridian  Altitude  will  be  M  L  ;    the  Depreflion   below  the 

Horizons 
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Horizon  at  Midnight  H  D  ;  the  femidiurnal  Arc  L  C  ;  the  feminocturnal  Arc  C  D  ;  the  De- 
clination A  £  ;  the  afcenfional  Difference  b  C ;  the  Amplitude  of  Afceniion  AC:  The  Dif- 
ference between  the  End  of  Twilight,  and  the  Break  of  Day,  is  very  fmall ;  for  the  Sun's 
Parallel  hardly  croffes  the  Line  of  Twilight. 

If  the  Sun  s  Altitude  be  given,  let  a  Line  be  drawn  for  it  parallel  to  the  Horizon  ;  fo  it 
fhall  crofs  the  Parallel  of  the  Sun,  and  there  fhew  both  the  Azimuth  and  the  Hour  of  the  Day. 
As  fuppcfc  the  Place  of  the  Sun  being  given,  as  before,  the  Altitude  in  the  Morning  was 
found,  20  Degrees,  the  Line  F  G,  drawn  parallel  to  the  Horizon  thro  20  Degrees  in  A  Z, 
would  crofs  the  Parallel  of  the  Sun  in  0  ;  wherefore  F  ©  fhews  the  Azimuth,  and  L  ©  the 
Quantity  of  the  Hour  from  the  Meridian,  which  is  about  half  an  Hour  paft  6  in  the  Morn- 
ing, and  about  half  a  Point  from  the  Eaft.  The  Diftance  of  two  Places  may  be  alfo  fhewn 
by  this  Projection,  in  having  their  Latitudes  and  Difference  of  Longitude  given. 

For  fuppofe  a  Place  in  the  Eaft  of  Arabia  hath  20  Degrees  of  North  Latitude,  whofe  Dif- 
ference of  Longitude  from  London,  by  an  Eclipfe,  is  found  to  be  five  Hours  and  an  half:  Let 
Z  be  the  Zenith  of  London,  and  the  Parallel  of  Latitude  for  that  other  Place  be  L  D,  in  whicji 
the  Difference  of  Longitude  is  L©;  wherefore®  reprefenting  the  Polition  of  that  Place, 
draw  thro  ©  a  Parallel  to  the  Horizon  M  H,  crofling  the  vertical  A  Z  about  70  Degrees  from 
the  Zenith  '>  which  multiplied  by  dp, the  Number  of  Miles  in  a  Degree,  gives  4830  Miles,  the 
Di fiance  of  that  Place  from  London. 

USE  IX.  To  project  the  Sphere  Stereographically  upon  the  Plane  of  the  Horizon  ;  fuppofe  for 

the  Latitude  of  5  1.  Degrees,  3  2  Minutes. 

Fig.  2.  Draw  a  Circle  of  any  Magnitude  at  pleafure,  as  N  E,  S  W,  reprefenting   the  Horizon  ;  in 

which  draw  the  two  Diameters,  WE,  N  S,  crofling  one  another  at  right  Angles,  which  will 
be  the  Reprefentations  of  two  great  Circles  of  the  Sphere  croffiug  each  other  at  right  An- 
gles in  the  Zenith.  Let  N  reprefent  the  North,  E  the  Eaft,  S  the  South,  and  W  the  Weft 
Part  of  the  Horizon. 

Note,  In  all  thefe  Projections,  the  Eye  is  commonly  fuppofed  to  be  in  the  Under-pole  of  the 
primitive  Circle,  projecting  that  Hemifphere  which  is  oppofed  to  the  Eye,  which  will  all  falJ 
within  the  primitive  Circle  ;  but  that  Hemifphere  in  which  the  Eye  is,  will  all  fall  without 
the  primitive  Circle,  and  will  run  out  in  an  infinite  annular  Plane,  in  the  Plane  of  the 
Projection,  and  confequently  cannot  all  of  it  be  projected  by  Scale  and  Compafs. 

I.  But  now  let  us  begin  with  projecting  the  Equinoctial-  And  here  we  muft  firft  deter- 
mine the  Line  of  Meafures,  in  which  the  Center  of  this  Circle  will  be  ;  and  this  will  be 
done  by  determining  in  what  Points  a  Plane,  perpendicular  to  the  primitive  Circle,  will  cut 
the  Horizon,  whether  in  the  North  and  South,  Eaft  and  Weft,  or  in  what  other  interme- 
diate Points  fuch  a  Plane  fhall  cut  it.  The  Pole  of  the  World,  in  this  Projection,  is  elevated 
51  Deg.  32  Min.  and  confequently  the  Equinoctial,  on  the  Northern  Part  of  the  Horizon, 
will  fall  below  the  Horizon,  and  it  is  the  Southern  Part  which  here  muft  be  projected,  or 
which  will  fall  within  the  primitive  Circle  ;  that  Plane,  whofe  Interfection  with  the  Hori- 
zon fhall  produce  the  Line  of  Meafures,  will  be  the  Plane  of  a  Meridian  pafling  thro  the 
North  and  South  Parts  of  the  Horizon  :  wherefore  N  S  will  be  the  Line  of  Meafures,  in 
which  the  Center  of  the  projected  Equinoctial  muft  fall ;  and  fince  it  is  the  Southern  Part  of 
the  Equinoctial  which  we  are  to  project,   its  Center  will  be  towards  the  North. 

To  find  whereabouts  in  the  Line  of  Meafures  the  faid  Center  will  fall,  you  muft  firft  open 
the  Legs  of  the  Sector,  fo  that  the  Diftance  from  45  Degrees  to  45  Degrees,  on  the  Lines  of 
Tangents,  is  equal  to  the  Raajus  of  the  primitive  Circle ;  then  take  the  parallel  Extent  of 
the  Tangents  of  38  Deg.  28  Min.  the  Height  of  the  Equinoctial  above  the  Plane  of  the  Ho- 
rizon, and  lay  it  off  from  Z  to  n,  and  n  will  be  the  Center  of  the  projected  Equinoctial  ;  and 
the  Secant  of  the  fame,  38  Deg.  30  Min.  will  give  its  Radius,  with  which  the  Circle  W  QJi 
muft  be  defcribed,  which  is  the  Reprefentation  of  that  part  of  the  Equinoctial  which  is  a- 
bove  our  Horizon,  for  the  Latitude  of  51  Deg.  32  Min. 

II.  We  will  next  project  the  Ecliptick,  which  being  a  great  Circle  of  the  Sphere,  muft  cut 
the  Equinoctial  at  a  Diameter's  Diftance  ;  that  is,  in  E,  W,  the  Eaft  and  Weft  Points  of 
the  Horizon,  and  confequently  will  have  the  fame  Line  of  Meafures  with  that  of  the  Equi- 
noctial, viz,.  N  S.  Now  let  us  confider  whether  the  Center  of  the  Ecliptick  falls  towards 
the  North,  or  towards  the  South  of  the  Horizon  ;  and  this  will  eafily  be  determined,  by 
confidering  that  the  Equinoctial  is  elevated  above  the  Southern  Part  of  the  Horizon  3  8  Deg. 
28  Min.  and  the  Northern  Part  of  the  Ecliptick,  or  the  Northern  Signs,  arc  elevated  above 
the  Equinoctial  23  Deg.  30  Min.  which  in  all,  make  62  Degrees,  which  is  leffer  than  90  Deg. 
So  that  it  muft  fall  towards  the  South,  and  confequently  the  Center  muft  be  Northwards,  and 
Will  be  found,  (the  Sector  remaining  open  as  before)  by  fetting  off  the  Tangent  of  62  Deg. 
from  z.  to  I,  and  the  Secant  of  62  Deg.  will  give  its  Radius ;  with  which  the  Circle  W  C  E, 
the  Reprefentation  of  the  Northern  half  of  the  Ecliptick,  muft  be  defcribed. 

The  Southern  Part  of  the  Ecliptick  is  likewife,  for  the  meft  part,  projected  on  the  hori- 
zontal Projection,  and  made  to  fall  within  the  primitive  Circle  ;  but  this  cannot  be,  the  Globe 
remaining  fixed  :  for  that  part  of  the  Ecliptick,  which  is  below  the  Horizon,  will  be  thrown 
out  of  the  primitive  Circle  j    fo  that  it  cannot" be  projected,  unlefs  the  Globe  be  fuopofed  to 
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be  turned  round,  and  by  that  means  the  Southern  Part  of  the  Ecliptick  to  be  brought  above 
the  Horizon  ;  but  fuch  a  Revolution  of  the  Sphere,  where  it  makes  any  Alteration,  is  fcarce 
allowable  :  however,  I  fhall  fhew  how  it  is  ufually  projected. 

The  fame  Line  of  Meafures  N  S  remains  itill,  and  the  Circle  mull  fall  to  the  South,  and 
confequcntly  its  Center  to  the  North  of  the  Horizon  ;  therefore  nothing  remains  but  to  find 
its  Elevation  above  the  Horizon.  The  Northern  Part  of  the  Ecliptick  falls  23  Deg.  30  Min. 
nearer  the  Zenith  than  the  Equinoctial  does  ;  therefore  the  Southern  Part,  being  brought  a- 
bove  the  Horizon,  mull  be  23  Deg.  30  Min..  nearer  the  Horizon  than  the  Equinoctial:  fo 
that  23  Deg.  30  Min.  being  taken  from  38  Deg.  28  Min.  there  remains  15  Deg.  for  the 
Diftance  of  that  part  of  the  Ecliptick  above  the  Horizon.  It  will  be  reprefented  by  W  e  E, 
which  is  defcribed  by  fetting  off  the  Tangent  of  15  Degrees  for  the  Center,  and  taking  the 
Secant  of  the  fame  for  the  Radius. 

III.  N  S  produced  will  alfo  be  the  Line  of  Meafures  for  all  Parallels  of  Declination,  and 
Parallels  of  Latitude  :  tor  the  Poles  of  leffer  Circles  being  the  fame  as  thofe  of  the  great  Cir- 
cles, to  which  they  are  parallel,  it  is  manitefl  that  the  fame  Plane,  which  is  at  right  Angles 
to  the  Equinoctial  and  Horizon,  will  alfo  be  at  right  Angles  to  all  leffer  Circles  parallel  to 
the  Equinoctial,  and  the  fame  will  hold  as  to  Circles  parallel  to  the  Ecliptick  :  But  N  S  is 
the  Line  of  Meafures  of  the  Equinoctial  and  Ecliptick,  and  confequently  mult  be  the  Line  of 
Meafures  of  all  Circles  parallel  to  either  of  them  ;  therefore  the  Centers  of  fuch  lefier  Circles 
will  be  in  N  S  produced,  if  there  be  Occafion,  Now  to  project  them,  for  Inltance,  the 
Tropick  of  Cancer ;  confider,  in  this  Pofition  of  the  Sphere,  what  will  be  its  nearelt  and 
greatelt  Diltance  from  the  Zenith,  or  the  Pole  of  the  primitive  Circle,  which  you  will  find 
to  be  28  Degrees  ;  for  the  Equinoctial  being  elevated  38  Deg.  28  Min.  above  the  Horizon, 
and  the  Tropick  of  Gwcer  being  23  Deg.  30  Min.  from  the  Equinoctial,  which,  being  added 
together,  gives  62  Deg.  which  fubftracted  from  90  Deg.  leaves  28  Deg.  its  Diltance  from  the 
Zenith  on  the  South-fide  of  the  Horizon  ;  therefore  the  Half-Tangent  of  28  Deg,  or  the  Tan- 
gent of  14  Deg.  fet  from  Z  to  C,  will  give  one  Extremity  of  its  projected  Diameter  :  Then 
the  Diftance  from  the  Zenith  to  the  Pole,  being  38  Deg.  28  Min.  and  from  the  Pole  to  the 
Tropick  of  Cancer  66  Deg.  30  Min.  the  Sum  of  thefe,  viz,.  104  Deg.  58  Min.  will  be  its 
greatelt  Diftance  from  the  Zenith  ;  the  Half-Tangent  of  which,  fet  from  Z  to  a,  will  give  the 
other  Extremity  of  its  projected  Diameter  :  therefore  having  got  C  a  the  Diameter,  bifect 
it,  and  defcribe  the  Circle  &  C  ®. 

The  Tropick  of  Capricorn  may  be  defcribed  in  the  fame  manner  s  for  the  Diltance  of  the 
Equinoctial  and  the  Zenith  being  51  Deg.  32  Min.  if  to  this  be  added  23  Deg.  30  Min.  you 
will  have  55  Deg.  2  Min.  equal  to  the  neareft  Diftance  of  the  Tropick  of  Capricorn,  on  the 
South-fide  of  the  Horizon  ;  the  Half-Tangent  of  which  being  fet  from  Z  to  e,  will  give  one 
Extremity  of  its  Diameter.  Then  the  Diftance  between  the  Zenith  and  the  Pole,  viz,.  38 
Deg.  28  Mm.  and  the  Diftance  between  the.  Pole  and  the  Equinoctial,  which  is  90  Deg. 
and  the  Diftance  between  the  Equinoctial  and  the  Tropick  of  Capricorn,  which  is  23  Deg. 
30  Min.  being  all  added  together,  will  give  the  greatelt  Diftance  of  the  Tropick  of  Capricorn, 
from  the  Zenith,  viz,.  1 5  2  Deg.  2  Min.  the  Semi-tangent  of  which  being  fet  from  Z  towards 
the  North,  will  give  the  other  Extremity  of  the  Diameter.  Bifect  the  Diameter  found  in  ey 
and  defcribe  the  Circle  Vf  C  vr,  which  is  the  Reprefentation  of  fo  much  of  the  Tropick  of 
Capricorn,  as  falls  within  the  primitive  Circle. 

IV.  The  Polar  Circle  is  23  Deg.  30  Min,  from  the  Pole  ;  but  the  Pole  being  elevated,' 
on  the  North-fide  the  Horizon,  51  Deg.  32  Min.  and  51  Deg.  32  Min.  added  to  23  Deg. 
30  Min.  whofe  Sum  is  75  Deg.  2  Min.  is  lefier  than  00  Deg.  fo  that  it  does  not  pafs  be- 
yond the  Zenith ;  therefore  75  Deg.  2  Min.  taken  from  90  Deg.  leaves  i>  Deg.  which  is  the 
neareft  Diftance  of  the  Polar  Circle  from  the  Zenith  :  And  the  Half-Tangent  of  15  Deg.  fee 
from  Z  to  v}  will  give  one  Extremity  of  its  projected  Diameter  ;  and  then  1 5  Deg.  added  to 
47  Deg.  equal  to  62  Deg.  will  be  its  greatelt  Diftance  from  the  Zenith  :  the  Half- Tangent 
of  which  Diftance,  fet  from  Z  to  P,  will  give  the  other  Extremity  of  its  projected  Diame- 
ter ;  fo  that  its  Diameter  v  p  being  found,  it  is  but  bifecting  it, .  and  the  Circle  may  be  de- 
fcribed. 

V.  I  fhall  now  fhew  how  to  project  the  Hour-Circles.  And,  Firft,  a  Line  of  Meafures 
muft  be  determined,  in  which  their  Centers  fhall  be,  if  poffible  ;  but  you  may  eaflly  difco- 
ver  it  impoflible  for  one  Line  of  Meafures  to  ferve  them  all :  for  they  are  differently  inclined 
to  the  Horizon,  and  fo  the  Plane  of  no  one  great  Circle  can  be  at  right  Angles  to  the  Hori- 
zon and  all  the  Hour-Circles ;  therefore  the  Plane  of  a  great  Circle  at  right  Angles  to  the 
Horizon,  and  one  of  them,  muft  be  found  :  which  is  poflible,  becaufe  the  Hour-Circles  being 
all  at  right  Angles  to  the  Plane  of  the  Equinoctial,  their  Poles  will  be  all  found  in  this  Cir- 
cle ;  but  the  Poles  of  all  great  Circles,  being  90  Degrees  diitant  from  their  Planes,  the  Hour- 
Circle  of  12,  and  the  Hour-Circle  of  6%  muft  of  necefllty  pais  thro  each  other's  Poles,  and 
fo  will  be  at  right  Angles  to  one  another  :  But  the  Hour-Circle  of  12  is  at  fight  Angles  to 
the  Horizon,  and  interfectsit  in  N  S  ;  therefore  the  Line  N  S  will  be  the  Line  of  Meafures, 
in  which  the  Center  of  the  Hour-Circle  of  6  will  be,  and  its  Center  will  be  towards  the 
South-Parts  of  the  Horizon,  becaufe  all  the  Hour-Circles  pafs  thro  the  Pole  which  falls  to- 
wards the  North,  the  Elevation  of  this  Circle  above  the  Horizon   being  the  fame   with  that 
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of  the  Pole,  viz,.  51  Deg.  32  Min.  then  take  the  Tangent  of  5 1  Deg.  32  Min.  and  fet  it 
from  Z  to  K  ;  and  upon  the  Center  K,  and  with  the  Secant  of  the  fame  Elevation,  defcribe 
VV  P  E,  which  is  the  Circle  required. 

The  Point  P,  where  N  S,  WE,  interfeet  one  another,  is  the  Reprefentation  of  the  Pole 
of  the  World  ;  for  N  S  being  the  Reprefentation  of  the  Hour-Circle  of  12,  the  "projected 
Pole  muft  be  fomewhere  in  this  Line  ;  but  it  muft  be  fomevvhere  in  W  E,  which  is  likewife 
the  Projection  of  an  Hour-Circle  :  therefore  it  muft  be  in  that  Point  where  thefe.  two  pro- 
jected Circles  interfeet  one  another,  that  is,  in  the  Point  P  ,•  P  is  the  Point  thro  which  all 
the  Hour-Circles  muft  pafs  in  the  Projection. 

In  order  to  draw  the  reft  of  the  Hour-Circles,  we  muft  have  recourfe  to  a  Secondary  Line 
of  Meafures,  which  may  thus  be  determined  :  To  P  K,  at  the  Point  K,  erect  D  B  at  right 
Angles,  and  produce  the  Circle  W  P  E,  till  it  meet  the  Line  DB,  in  the  Points  D  and  B  ; 
and  the  Line  D  B  will  be  the  fecondary  Line  of  Meafures  in  which  the  Centers  of  all  the 
Hour-Circles  will  be  found  ;  for  let  the  Hour-Circle  of  6,  D  P  B,  be  confidered  as  the  pri- 
mitive Circle,  in  whofe  Under-Pole  (which  will  be  in  the  Equinoctial)  K,  let  the  Eye  be 
placed  ;  then  D  B  will  be  the  Reprefentation  of  the  Equinoctial,  for  it  pafling  thro  the  Eye 
will  be  projected  into  aright  Line  :  but  the  Equinoctial  is  at  right  Angles  to  the  Hour-Cir- 
cles, both  the  primitive  and  all  the  reft  ;  therefore  it  will  be  the  fecondary  Line  of  Mea- 
fures, upon  this  Suppofition,  upon  which  will  be  all  their  Centers.  In  order  to  find  which 
fet  the  Sector  to  the  Radius  P  K,  then  take  off  parallel-wife  the  Tangents  of  15  Deg.  30  Deg. 
45  Deg.  the  Elevations  of  the  Hour-Circles  above  the  Hour-Circle  at  6,  and  fet  them  both 
ways,  from  K  to  r,  from  K  to  /,  from  K  to  r,  &c.  then  upon  thofe  Centers,  and  with  the 
Secants  of  the  fame  Elevations,  defcribe  the  Circles  P  P,  P  Q,  and  P  T,  wrhich  will  be  the 
Hour-Circles  ;  for  they  are  all  great  Circles  of  the  Sphere,  pafling  thro  the  Pole  P,  and  make 
Angles  with  one  another  of  1 5  Deg.  or  are  1 5  Deg.  diftant  from  each  other :  and  the  Portions 
of  thofe  Circles  which  fall  within  the  primitive  Circle  N  E  S  W,  as  H  P  h,  are  the  Reprefen- 
tations  of  thofe  Halves  of  the  Hour-Circle,  which  are  above  our  Horizon  in  our  Latitude. 

VI.  In  like  manner  the  Circles  of  Longitude  may  be  drawn,  by  determining  the  fecondary 
Line  of  Meafures  R  S,  in  which  all  their  Centers  will  be  ,•  and  this  Line  will  be  determined 
after  the  fame  manner  with  D  B  above,  and  the  Circles  of  Longitude  drawn  as  before  the 
Meridians  were  drawn  :  for  the  Line  N  S  will  be  the  Line  of  Meafures,  with  refpect  to  one 
of  them  pafling  thro  E  and  W,  the  Eaft  and  Weft  Points  of  the  Horizon.  In  order  to  draw 
this  Circle,  confider  its  Elevation  above  the  Horizon,  which  will  be  found  by  confiderin<*  the 
Diftance  of  the  Pole  of  the  Ecliptick,  from  the  Pole  of  the  World,  which  will  be  28  Deg. 
2  Min.  the  Elevation  of  this  Circle  above  the  Horizon.  Set  the  Tangent  of  28  Deg.  2  Min. 
from  Z  to  Q,  and  with  the  Secant  of  the  fame  Diftance,  defcribe  the  Circle  WpE;  to 
p  Q_,  at  theroint  Q,  erect  R  S  at  right  Angles,  which  will  be  the  fecondary  Line  of  Mea- 
fures. In  this  Line  from  Q,  (the  Sector  being  fet  to  p  QJ  fet  off  the  Tangents  of  24  Deg. 
40  Deg.  according  to  the  Number  of  Circles  you  have  a  Defire  to  draw,  from  Q_to  x  from 
Q_to  y,  &c.  and  with  the  Secants  of  20  Deg.  40  Deg.  &c.  defcribe  the  Circles  of  Longitude 
MPw,&c.  J 

VII.  The  Reprefentations  of  Azimuths,  in  this  Projection,  will  be  all  right  Lines,  and  any 
Number  of  them  may  be  drawn,  making  any  afllgned  Angles  with  one  another,  if  the  Limb 
be  divided  into  its  Degrees  by  help  of  the  Sector,  and  thro  thefe  Degrees  be  drawn  Diame- 
ters to  the  primitive  Circle. 

VIII.  All  Parallels  of  Altitude,  in  this  Projection,  will  be  Circles  parallel  to  the  primitive 
Circle,  and  may  be  eafily  drawn,  by  dividing  a  Radius  of  the  primitive  Circle  into  Half- 
Tangents,  and  defcribing  upon  the  Center  Z,  thro  the  Points  of  Divifion,  concentrick  Cir- 
cles.    I  fhall  omit  drawing  of  them,  left  the  Scheme  be  too  much  perplexed. 

USE  X.  To  projeSi  the  Sphere- Stereograpbk ally  upon  the  Plane  of  the  Solfiitial  Cclure  for  the 

Horiz.cn  of  j  1  Deg.  3  2  Min. 
Fig.  3.  Draw  the  Circle  HBOC,  reprefenting  the  primitive  Circle  ;    and  the  Diameter  HO 

reprefenting  the  Horizon :  Setoff  the  Chord  of  ji  Deg.  32  Min.  from  OtoP,  having  firft 
fet  the  Sector  to  the  Radius  of  the  Circle,  which  will  give  the  Polar  Point,  and  draw  the 
Diameter  P  p,  reprefenting  the  Hour-Circle  of  6. 

I.  The  Equinoctial  may  be  reprefented,  by  drawing  the  Diameter  E  Q_  at  right  Angles  to 
the  Diameter  P  p. 

II.  Set  oft"  23  Deg.  30  Min.  from  the  Chords,  from  E  to  a,  and  from  Q^to  vy,  which  will 
reprefent  the  Ecliptick. 

III.  The  Tropicks  of  Cancer  and  Capricorn  may  be  drawn  thus  :  Take  the  Secant  of  66  Deg. 
30  Min.  the  Diftance  of  each  of  them  from  their  refpective  Poles,  and  fet  it  both  ways,  from 
the  Center  A  in  P  p  produced,  which  will  give  the  two  Points  e  e  the  Ceoters  of  the  two  Cir- 
cles, and  their  Radii  will  be  the  Tangents  of  the  fame,  66  Deg.   30  Min- 

IV.  The  Polar  Circles,  as  alfo  all  other  Parallels  of  Declination,  may  be  drawn  in  the 
fame  manner. 

V.  The  Line  of  Meafures  for  the  Azimuths  will  be  H  O,  and  the  Line  of  Meafures  for 
the  Almacanters  will  be  B  C. 
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VI.  S,  yf,  or  the  Ecliptick,  will  be  the  Line  of  Meafures  for  the  Circles  of  Longitude, 
and  the  Line  of  Meafures  for  the  Circles  of  Latitude  will  be  N  S,  all  of  which  may  be  eafily 
drawn  from  what  is  faid  in  the  precedent  Ufe. 

VII.  The  Ecliptick  may  be  divided  into  its  proper  Signs  in  this  Projeciionj  by  letting  oft' 
the  Tangents  of  15  Deg.  30  Deg.  45  Deg.  both  ways  from  A. 

USE  3£I.     To  draw  the  Hour-Lines  upon  an  ereEl  direU  South  Plane,  as  alfo  on  an  Horizon- 
tal Plane. 

Firft,  draw  the  indefinite  right  Line  C  C,  for  the  Horizon  and  Equator,  and  crofs  it  at  Fj  ■  ;, 
right  Angles  in  the  Point  A,  about  the  middle  of  the  Line,  with  the  indefinite  right  Line  A  B, 
ferving  for  the  Meridian,  and  the  Hour  Line  of  12.  then  take  out  15  Deg.  from  the  Line  of 
Tangents,  on  the  Sector  (the  Sector  being  fet  to  a  parallel  Radius  lefler  than  the  Extent  from 
45  Deg.  to  45:  Deg.  of  the  lefler  Lines  of  Tangents,  when  the  Sector  is  quite  opened)  and 
lay  them  off  in  the  Equator  on  both  Sides  from  A,  and  one  Point  will  ferve  for  the  Hour  of 
11,  and  the  other  for  the  Hour  of  1.  Again,  take  out  the  Tangent  of  30  Deg.  (the  Sector 
being  opened  to  the  fame  Radius)  and  lay  it  off  on  both  Sides  the  Point  A  in  the  Equators 
and  one  of  thefe  Points  will  ferve  one  for  the  Hour  of  10,  and  the  other  for  the  Hour  of  2. 
In  the  fame  manner,  lay  off  the  Tangent  of  45  Deg.  for  the  Hours  of  9  and  3,  the  Tangent  of 
60  Deg.  for  the  Hours  of  8  and  4,  and  the  Tangent  of  75  Deg.  for  the  Hours  of  7  and  5, 
But  note,  becaufe  the  greater  Tangents  on  the  Sector  run  but  to  45  Deg.  therefore  you  mud 
fet  the  parallel  Radius  of  the  lefler  Tangents,  when  you  come  above  45  Deg.  to  the  Extent 
of  the  Radii  of  the  greater  Tangents. 

Now  if  you  have  a  mind  to  fet  down  the  Parts  of  an  Hour,  you  muft  allow  7  Deg.  30  Min. 
for  every  half  Hour,  and  3  Deg.  45  Min.  for  one  quarter.  This  done,  you  muft  confider  the 
Latitude  of  the  Place  in  which  the  Plane  is,  which  fuppofe  5 1  Deg.  30  Min.  then  if  you  take 
the  Secant  of  5 1  Deg.  3  2  Min.  off  from  the  Se&or,  it  remaining  opened  to  the  parallel  Radius 
of  the  lefTer  Tangents,  and  fet  it  off  from  A  to  V,  this  Point  V  will  be  the  Center  of  the 
Plane ;  and  if  you  draw  from  V,  right  Lines  to  11,  10,  9,  &c.  and  the  reft  of  the  Hour  Points^ 
they  will  be  the  required  Hour  Lines. 

But  if  it  happen,  that  fome  of  thefe  Hour  Points  fall  out  of  the  Plane,  you  may  thus  remedy 
yourfelf,  by  means  of  the  larger  Tangents. 

At  the  Hour  Points  of  3  and  9,  draw  occult  Lines  parallel  to  the  Meridian  j  then  the  Dis- 
tances D  C,  between  the  Hour-Line  of  <5,  and  the  Hour  Points  of  3  and  9,  will  be  equal  to 
the  Semi-diameter  A  Vj  and  if  they  be  divided  in  the  fame  manner  as  the  Line  A  C  is  di- 
vided, you  will  have  the  Points  of  4,  5,  7,  and  8,  with  their  Halves  and  Quarters. 

For  take  out  the  Semi-diameter  A  V,  and  make  it  a  parallel  Radius,  by  fitting  it  over  in 
the  Tangents  of  45  and  45  ;  then  take  the  parallel  Tangent  of  1 5  Deg.  and  it  will  give  the 
Diftance  from  6  to  5,  and  from  6  to  7.  The  Sector  remaining  thus  opened,  take  out  the 
parallel  Tangent  of  30  Deg.  and  it  will  give  the  Diftance  from  6  to  4,  and  from  6  to  8  :  the 
like  may  be  done  for  Halves  and  Quarters  of  Hours. 

The  Hour  Points  may  be  otherwife  denoted  thus  :  Having  drawn  a  right  Line  for  the 
Equator,  as  before,  and  aflumed  the  Point  A  for  the  Hour  of  12,  cut  off  two  equal  Lines 
A  10,  and  A  2.  then  upon  the  Diftance  between  10  and  2,  make  an  equilateral  Triangle,  and 
you  will  have  B  for  the  Center  of  the  Equator,  and  the  Line  A  B,  will  give  the  Diftance  from 
A  to  9,  and  from  A  to  3.  This  done,  take  out  the  Diftance  between  9  and  3,  and  this  will 
give  the  Diftance  from  B  to  8,  and  from  8  to  7,  and  from  8  to  1  :  and  again,  from  B  to  4, 
and  from  4  to  5,  and  from  4  to  1 1 ;  fo  have  you  the  Hour  Points  :  and  if  you  take  out  the 
Diftances  B  1,  63465,  &c.  the  Points  may  be  found  not  only  for  the  Half-Hours,  but  for  the 
Quarters. 

In  the  fame  manner  are  the  Hour  Lines  drawn  on  a  Horizontal  Plane,  only  with  this  Dif- 
ference, that  A  H  is  the  Secant  of  the  Complement  of  the  Latitude,  and  the  Hour  Lines  of 
4j  5>  7>  8,  are  continued  thro  the  Center. 

USE  XII.     7o  draw  the  Hour  Lines  upon  a  Polar  Plane.y  as  alfo  on  a  Meridional  Plane. 

In  a  Polar  Plane,  the  Equator  may  be  alfo  the  fame  with  the  Horizonal  Plane,  and  the  Hour  Fig.  5, 
Points  may  be  denoted  as  before,  in  the  laft  Ufe:  but  the  Hour  Lines  muft  be  drawn  parallel 
to  the  Meridian. 

In  a  Meridional  Plane,  the  Equator  will  make  an  Angle  with  the  Horizontal  Line,  equal 
to  the  Complement  of  the  Latitude  of  the  Place ;  then  may  you  affume  the  Point  A,  and 
there  crofs  the  Equator  with  a  right  Line,  which  will  ferve  for  the  Hour  Line  of  6 :  then  the 
Tangent  of  15  Deg.  being  laid  off  in  the  Equator  on  both  Sides  from  <5,  will  give  the  Hour 
Points  of  5  and  7  ;  and  the  Tangent  of  30  Deg.  the  Hour  Points  of  8  and  4;  the  Tangent  of 
45  Deg.  the  Hour  Points  of  3  and  9  ;  the  Tangent  of  60  Deg.  the  Hour  Points  of  2  and  10  : 
and  laftly,  the  Tangent  of  75  Deg.  will  give  the  Hour  Points  of  1  and  1 1  ;  and  if  right 
Lines  are  drawn  thro  thefe  Hour  Points,  croffing  the  Equator  at  right  Angles,  thefe  fhall  be 
the  Hour  Lines  required. 

USfi 
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USE  XIII.     To  draw  the  Hour  Lines  upon  a  •vertical  declining  Plane. 
Firft  draw  A  V  the  Meridian,  and  A  E  the  Horizontal  Line,  croffing  one  another  in  the 
Point  A  •  then  take  out  A  V,  the  Secant  of  the  Latitude  of  the  Place,  which  fuppofe  5 1  Deg. 
22  Min  'and  prick  it  down  on  the  Meridian  from  A  to  V.     Now  becaufe  the  Plane  declines, 
which  fuppofe  40  Deg.  Eaftward,  you  muft  make  an  Angle  of  the  Declination  upon  the  Cen- 
'ter  A.    below  the  Horizontal  Line,  on  the  left  Side  ol  the  Meridian,  becaufe  the  IJiane  declines 
Eaftwards  ■  for  if  it  had  declined  Wefhvard,  the  faid  Angle  muft  have  been  made  on  the  right 
Side  of  the  Meridian.     This  being  done,  take  A  H,  the  fecant  Complement  oi  the  Latitude, 
out  of  the  Sector,  and  prick  it  down  in  the  Line  of  Declination  from  A  to  H,  as  was  clone 
'for*  the  Semi-diameter  in  the  Horizontal  Plane  :  then  draw  an  indefinite  right  Line  thro  the 
Point' A    perpendicular  to  A  H,  which  will  make  an  Angle,  with  the  Horizontal  Line,  equal 
to  the  Plane's  Declination,  and  will  be  as  the  Equator  in  the  Horizontal  Plane.     Again,  take 
the  Hour  Points  out  of  the  Tangents,  as  in  the  laft  Problem,  and  prick  them  down  in  this 
Equator  on  both  Sides,  from  the  Hour  of  12  at  A;  then  lay  your  Ruler,  and  draw  right 
Lines  thro  the  Center  H,  and  each  of  thefe  Hour  Points,  and  you  will  have  all  the  Hour 
Lines  of  an  Horizontal  Plane,  except  the  Hour  of  6,  which  is  drawn  thro  H  perpendicular  to 
H  A    Laftlv,  you  mull  note  the  Interferons  that  thefe  Hour  Lines  make  with  A  E,  the  Ho- 
rizontal Line  of  the  Plane,  and  then  if  right  Lines  are  drawn  thro  the  Center  V,  and  each  of 
thefe  Interferons,  they  will  be  the  Hour  Lines  required. 

The  Hour  Points  may  be  pricked  down  otherwife,  thus :  Take  out  the  Secant  ot  the 
Plane's  Declination,  and  prick  it  down  in  the  Horizontal  Line  from  A  to  E,  and  thro  E  draw 
right  Lines  parallel  to  the  Meridian,  which  will  cut  the  former  Hour  Lines  of  3  or  9,  in  the 
Point  C ;  then  take  out  the  Semi-diameter  A  V,  and  prick  it  down  in  thofe  Parallels  from 
C  to  D,'and  draw  right  Lines  from  A  toC,  and  from  V  to  D  ;  the  Line  V  D  will  be  the 
Hour  of  6  :  and  if  you  divide  thofe  Lines  AC,  DC,  in  the  fame  manner  as  D  C  is  divided 
in  the  Horizontal  Plane,  the  Hour  Points  required  will  be  had. 

Or  you  may  find  the  Point  D,  in  the  Hour  of  6,  without  knowing  either  H  or  C ;  tor  ha- 
ving pricked  down  A  V  in  the  Meridian  Line,  and  A  E  in  the  Horizontal  Line,  and  drawn 
Parallels  to  the  Meridian  thro  the  Points  at  E,  take  the  Tangent  of  the  Latitude  out  of  the 
Sedor  and  fit  it  over  in  the  Sines  of  90  Deg.  and  00  Deg.  and  the  parallel  Sine  of  the  1  lanes 
Declination,  meafured  in  the  fame  Tangent  Line,  will  there  fhew  the  Complement  of  the 
An"le  D  V  A,  which  the  Hour  Line  of  6  makes  with  the  Meridian  :  then  having  the  Point  D, 
take  out  the  Semi-diameter  V  A,  and  prick  it  down  in  thofe  Parallels  from  DtoC;  fo  fhall 
you  have  the  Lines  DC,  AC,  to  be  divided,  as  before.  s  ...  . 

Thus  have  you  the  Ufe  of  the  Sector  apply'd  in  refolvmg  feveral  ufeful  Problems.  1  mignc 
have  laid  down  many  more  Problems  in  all  the  practical  Parts  of  Mathematicks,  wherein 
this  Inftrument  is  ufeful ;  but  what  I,  and  our  Author  have  faid  of  this  Inftrument,  will  1 
believe,  be  fufficient  to  fhew  Perfons  skill'd  in  the  feveral  practical  Parts  of  Mathematicks, 
the  Manner  of  ufing  this  Inftrument  therein.  -, 

For  the  Ules  of  the  Lines  of  Numbers,  Artificial  Sines,  and  Tangents  ;  as  alfo  tnc  Lines 
of  Latitude,  Hours,  and  Inclination  of  Meridians ;  &USES  of  Gunter'i  Scale. 
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Of  the  Confiruction  and  Ufe  of fever al  different  Sorts 
of  Compafles,   and  other  Curious  Inftruments. 
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CHAR    1 

Of  the  Conflruttion  and  Vfes  of  fever  al  Sorts  of  Compares. 


AVING  already  treated  of  Common  Compafles,  ufually  put  into  Cafes 
of  Inftruments,  we  proceed  now  to  mention  fome  others,  fometimes  like- 
wife  placed  in  Cafes  of  different  Bignefles. 

'The  ConfiruElion  of  Hair-ComfmJJes. 
Thefe  Compafles  are  fo  called,  becaufe  of  a  Contrivance  in  the  Body  of  Plate  9* 
them,  by  means  of  which  an  Extent  may  be  taken  to  a  hair's  Breadth.  F^S,A' 
We  have  before  hinted,    that  the  Goodnefs  of  Compafles  confifts  chiefly 
in  having  the  Motion  of  their  Head  fufficiently  eafy,  and  that  they  open  and  fhut  very  equal- 
ly ;  and  that  they  may  do  fo,  the  Joints  ought  to  be  well  flit,  and  very  equal  in  Thicknefs. 

The  Manner  of  conftru&ing  the  Joints,  is  thus  :  We  firft,  with  a  Steel-Saw,  flit  the 
Head  in  two  Places,  fo  that  there  remains  a  Middle-Piece,  the  Thicknefs  of  a  Card  ;  then 
we  flit  the  other  Leg  of  the  Compafles,  in  the  middle  of  the  Joint,  to  receive  the  Middle- 
Piece  which  was  referved  for  that  purpofe  ;  afterwards  the  Joints  muft  be  filed  and  ftraightned, 
fo  that  they  may  be  well  joined  every  where.  This  being  done,  we  drill  a  round  Hole 
thorow  the  middle  of  the  Head,  in  Bignefs  proportional  to  that  of  the  Compafles,  for 
the  Rivet  to  go  through  ;  the  Rivet  ought  to  be  very  roufid,  and  exactly  fill  the  aforefaid 
Hole.  When  we  have  rivetted  it,  the  Head  of  the  Compafles  muft  be  warmed,  and  a  little 
yellow  Wax  poured  between  the  Joints,  for  leflening  the  Friction  of  the  Legs  in  opening  and 
{hutting.  Laftly,  we  generally  put  upon  the  Head  two  turned  Cheeks,  ferving  for  Counter- 
Rivets,  and  to  preferve  the  Head. 

The  little  Screw  at  the  Bottom  of  the  Body  of  thefe  Hair-Compafles,  is  to  move  the  Steel 
Point  backwards  or  forwards,  at  pleafure :  this  Point  is  fattened  to  the  Top  of  the  Compafles 
by  twoRivets,  fo  that  in  turning  the  Screw  it  fprings.  The  other  Steel  Point  mull;  be  folder'd 
to  the  other  Leg,  as  all  other  Points  of  Compafles  are  that  are  fixed.  Now  to  fit  thefe  Points 
for  foldering,  they  muft  be  filed  fo,  as  to  go  into  two  Slits  made  in  the  Bottom  of  the  Body  of 
the  Compafles,  that  there  they  may  be  well  joined,  and  the  Solder  ftrongly  hold  them. 

Note,  Solder  is  commonly  made  with  Silver  and  Thirds  of  Copper,  that  is,  twice  more 
Silver  than  Copper:  For  Example;  with  one  Dram  of  Silver,  we  mix  half  a  Dram  of  Cop- 
per, which  mull:  be  firft  melted  in  a  Crucible,  and  afterwards,  when  cold,  hammer'd  to  a- 
bout  the  Thicknefs  of  a  Card,  and  cut  into  fmall  Pieces  that  it  may  the  fooner  run,  when 
there  is  ufe  for  it.     Solder  is  likewife  often  made  with  Copper  and  Zink  mixed  together,  viz-. 
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In  melting  I  of  Copper,  with  %  of  Zink :    In  foldering,  we  ufe  Borax  finely  bruifed,  which 
makes  the  Solder  better  run  and  penetrate  the  Joints,  or  any  thing  elfe  to  be  foldered. 

Of  the  German  Compajfes. 

j,.    p  The  Legs  of  thefe  Compafles  are  fomething   bent,  fo  that,  when  fhut,  the  Points  only 

a'  touch  each  other.     One  Point  of  thefe  Compafles  may  be  taken  off,  and  others  put  on,  by 

means  of  a  fmall  fquare  Hole  made  in  the  Bottom  of  the  Body,  for  the  Points  to  go  in,  and  a 

Screw  to  keep  them  faft  when  in  :  but  thefe  Points  ought  very  well  to  fit  the  aforefaid  fquare 

Hole,  that  they  may  not  fhake. 

The  Points  generally  put  on,  are, 

Firji,  A  Drawing-Pen  Point,  by  means  of  which,  Lines  fine  or  coarfe  may  be  drawn 
with  Ink,  by  help  of  a  little  Screw  near  the  Point  of  the  Drawing-Pen.  This  Drawing- 
Pen  Point,  as  well  as  the  other  Points  to  be  put  on,  has  a  fmall  Joint,  almoft  like  the  Head 
of  a  Pair  of  Compafles,  by  means  of  which  it  may  be  kept  perpendicular  to  the  Paper,  accor- 
ding as  the  Compafles  are  more  or  lefs  opened.     This  Point  is  reprefented  by  Fig.  3. 

Secondly,  A  Porte-Craion  Point,  reprefented  by  Fig.  2,  for  drawing  Lines  with  a  Pencil. 

And  Lafily,  a  Dotting-Wheel  Point,  (Fig.  1.)  whofe  Ufe  is  to  make  dotted  Lines.  What 
we  call  a  Dotting-Wheel,  is  a  little  Wheel  of  Brafs,  or  other  Metal,  about  3  Lines  in  Dia- 
meter, round  which  is  made  little  pointed  Teeth.  This  Wheel  is  fattened  between  two  lit- 
tle Pieces  of  Brafs  by  a  fmall  Pin,  fo  that  it  may  freely  turn  round,  almoft  like  a  Spur;  but 
the  faid  Teeth  muft  not  be  too  far  diftant  from  each  other,  becaufe  then  the  Dots  the  Wheel 
makes,  will  alfo  be  too  far  diftant  from  each  other. 

The  Conftruction  of  thefe  Compafles  as  to  their  Joints,  &c.  being  the  fame  as  thofe  before 
fpoken  of,  I  fliall  only  add,  that  ftnce  the  Beauty  of  Compafles  confifts  very  much  in  their 
being  well  polifhed  ;  for  this  effect,  we  firft  rub  the  Compafles  with  Slate-Stone  dipped  in 
Water  ;  then  we  rub  every  part  of  the  Compafles  with  a  flat  Stick  of  foft  Wood,  and  a  Mix- 
ture of  Emery  temper'd  with  Oil,  or  fine  Tripoly.  And  laftly,  we  wipe  the  Compafles 
clean  with  a  Cloth  or  Piece  of  Shamoy. 

Of  the  Spring-Compajfes. 

.  Thefe  Compafles  are  all  made  of  tempered  Steel,  which  are  fo  hard  every  where,  that  a 

s*  File  cannot  touch  them  ;  and  the  Head  of  thefe  Compafles  is  rounded,  that  by  its  Spring  it 

J,  opens  and  fhuts  itfelf :  the  Circular  Screw  fiVd  to  one  of  the  Legs,  ferves  to  open  or  fliut  it, 

by  means  of  a  Nut.     Thefe  Compafles  are  very  fit  to  take  fmall  Lengths,  and  make  fmall 

Divifions ;    yet  they  ought  to  be  but  fhort,  and  fo  tempered,  that  they  may  have  a  good 

Spring,  and  not  break. 

/ 
l  Of  the  Clock-makers  Compajfes. 

,..    jy  Thefe  Compafles,  which  are  ftrong  and  folid,  ferve  to  cut  Paft-board,  Brafs,  and   other 

the  like  things  ;  the  Quadrant  eroding  it,  ferves  ftrongly  to  fix  it  to  a  propofed  Opening,  by 
help  of  a  Screw  preffing  againft  it.  The  Nut  at  the  End  of  the  faid  Quadrant,  is  to  open  or 
fhut  the  Compafles  at  pleafure,  in  turning  the  faid  Nut,  which  ought  to  be  fo  riveted  to  the 
Leg  of  the  Compafles,  that  it  may  make  the  other  Leg  move  forwards  or  backwards.  The 
Four  Points  ought  to  be  made  of  well  tempered  Steel.  That  of  Fig.  1.  is  filed  flopewife,  like  a 
Graving-Tool,  to  cut  Brafs;  that  of  Fig.  2.  is  like  a  pointed  Button  :  and  the  two  other 
Points  are  in  figure  of  the  fixed  Points  of  common  Compafles;  but  they  muft  be  very  ftrong 
in  proportion  to  the  Compafles. 

There  are  different  ways  of  tempering  the  Points  of  Compafles,  or  other  Pieces  of  Steel :  For 
Example  ;  the  Points  of  fmall  Compafles  are  tempered  by  means  of  a  Lamp,  and  a  fmall  Brafs 
Pipe  :  tor  blowing  in  the  Pipe,  caufes  a  ftrong  lively  Flame,  in  which  putting  the  Points,  or 
other  Things,  to  be  hardened,  and  they  will  become  almoft  inftantly  red  hot,  and  when  they 
are  cold,  they  will  be  very  hard.  But  the  Points  of  great  Compafles,  and  other  Steel  Tools, 
are  tempered  with  a  Charcoal  Fire,  by  blowing  thro  the  aforefaid  Pipe,  and  heating  them  to  a 
Cherry  Colour,  and  afterwards  putting  them  into  Water,  and  then  they  will  be  render'd  very 
hard. 

Of  the  three-legg'd  Compajfes. 

Fig.  E*  ^^e  ^e  °^  t^ie^e  Compafles  is  to  take  three  Points  at  once,  and  fo  to  form  a  Triangle,  or 

to  lay  down  three  Pofitions  of  a  Map  to  be  copied  at  once,  &c. 

The  Conftruction  of  thefe  Compafles  doth  not  much  differ  from  the  Conftruction  of  the  o- 
thers,  excepting  only  that  the  third  Leg  has  a  Motion  every  way,  by  means  of  a  turned  Ri- 
vet, riveted  by  one  End  to  the  two  other  Legs ;  and  at  the  other  End  there  muft  be  a  turned 
Cheek,  and  a  round  Plate  ferving  for  a  Joint  to  the  third  Leg  :  the  little  Figure  1  fhows  how 
the  Rivet  is  made. 

Of  the  Sea-Chart  Compajfes. 
«g<  F  The  Legs  of  thefe  Compafles  are  crooked,  and  widened  towards  the  Head,  fo  that  by 

preffing  the  two  Legs  with  your  Hand,  you  may  open  them.     Their  Conftruction  fufficiently 

appears 
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appears  from  the  Figure,  and  their  Ufe  will  be  mentioned  in  the  Inftruments  for  Navigation. 

Of  the  Jtwple  Proportional  Compaffes. 
Thefe  Compaffes  are  ufed  in  dividing  of  Lines  into  2,  3,4,  or  5  equal  Parts,  as  alfo  to  re- Fig.  O, 
duce  fmall  Figures  to  greater  ones,  and  contrariwife,  &c.     You  mult  take  care    in  making 
thefe  Compaffes,  that  the  Head  be  drilled  in  a  right  Line  with  the  Legs,  and  that  the  Points 
are  not  one  forwarder  than  another.     Now  if  you  have  a  mind  to  make  one  of  thefe  Pair  of 
Compaffes  to  take  the  ?  of  a  Line,  the  Diftance  from  the  Center  of  the  Joint  to  the  Ends  of 
either  of  the  longeft  Legs,   mud  be  twice  the  Length  of  either  of  the  Ihorteft  Legs  ;  and  fo 
in  proportion  for  others.     Note,  The  Compaffes  of  Figure  G,  are  for  dividing  of  Lines  into 
3  equal  Parts  ;  whence  the  Diftance  from  the  Center  marked  5,  to  the  Points  2,  2,  is  three 
times  the  Diftance  from  the  laid  Center,  to  the  Points  3  or  4  :  fo  that  if  the  third  Part  of  the 
Line  2,  2,  be  required,  its  whole  Length  mull  firft  be  taken  between  the  longeft  Legs  of  the 
Compaffes,  which   remaining  thus  opened,  the  Diftance  between  the  Points  of  the  fhorteft 
Legs,  will  be  \  of  the  given  Line. 

Of  the  mo'vealle-headed  Proportional  Compaffes. 
The  Ufe  of  thefe  proportional  Compaffes,  is  to  divide  a  given  Line  into  any  Number  of  Fig.  Ho 
equal  Parts,  as  alfo  to  divide  the  Circumference  of  a  Circle,  fo  that  a  regular  Polygon  may 
be  inferibed  therein. 

Thefe  Compaffes  ccnfiffc  of  two  equal  Legs,  each  of  which  is  furnifh'd  with  two  Steel 
Points,  and  are  hollow'd  in,  for  a  Curfor  to  flip  up  and  down ;  in  the  middle  of  which  Curfor, 
there  is  a  Screw  ferving  to  join  the  Legs,  and  to  fallen  them  in  divers  Places  by  means  of  a' 
Nut :  but  the  Legs  mull  be  hollow 'd  in  exactly  in  the  middle  of  their  Breadth,  that  fo  the 
Center  of  the  Curlor  may  be  in  a  right  Line  with  the  Points  of  the  Legs,  and  the  Curfor  Aide 
very  exaclly  along  the  Legs  :  as  alfo  the  Head-Screw  muft  exaftly  fill  the  Hole  in  the  Curfor, 
fo  that  nothing  may  fhake  when  the  Legs  are  faftened  with  the  Nut. 

Figure  1,  reprefents  the  Screw,  Figure  2,  the  Nut,  Figure  3,  half  the  Curfor,  which  muft 
be  joined  by  a  like  half.  You  may  fee  by  that  little  Figure,  that  there  is  a  Piece  in  the  middle 
left  exactly  to  fit  the  Hollow  of  the  Leg  of  the  Compaffes :  the  fhadow'd  Spaces  of  the  faid 
Figure,  are  to  contain  the  two  Sides  of  the  Leg ;  underftand  the  fame  of  the  other  half  of 
the  Curfor. 

Figure  1,  is  one  of  the  Legs  feparate,  upon  which  are  the  Divifions  for  equal  Parts  \  for 
upon  one  Side  of  one  of  the  Legs,  aire  the  Divifions  for  dividing  of  Lines  into  equal  Parts ; 
and  upon  one  Side  of  the  other  Leg,  are  denoted  the  Numbers  fhewing  how  to  inferibe  any 
regular  Polygon  in  a  propofed  Circle. 

Now  t&  make  the  Divifions  for  dividing  Lines  into  equal  Parts,  take  a  well  divided  Scale, 
or  a  Seftor,  which  is  better,  becaufe  it  is  almoft  a  univerfal  Scale  :  then  take  the  exact 
Length  of  one  of  the  Legs  of  your  proportional  Compaffes  between  your  Compaiies,  and 
having  opened  the  Se&or,  fo  that  the  Diftance  between  120  and  120  of  the  Line  of  Lines 
be  equal  to  that  Extent,  take  the  Diftance  from  40  to  40,  which  lay  off  upon  the  Leg  of 
your  Compaffes,  and  at  the  End  thereof,  fet  the  Number  2,  which  will  ferve  to  divide  any 
given  Line  into  two  equal  Parts  :  The  Sector  ftill  continuing  opened  to  the  fame  Angle,  take 
the  Diftance  from  30  to  30,  on  the  Line  of  equal  Parts,  and  lay  off  upon  the  aforefaid  Leg  of 
the  Compaffes,  where  fet  down  the  Number  3,  and  that  will  give  the  Divifion  for  taking  *  of" 
any  given  Line.  Again  ;  take  24  equal  Parts,  as  before,  from  the  Line  of  Lines,  lay  them  off 
upon  the  Leg,  and  that  will  give  the  Divifion  for  dividing  a  Line  into  4  equal  Parts. 

Moreover,  take  20  equal  Parts,  and  that  will  give  you  the  Divifion  upon  the  Leg  of  the 
Compaffes,  ferving  to  divide  a  Line  into  5  equal'Parts  :  the  fame  Opening  of  the  Sector  will 
flill  ferve  to  divide  a  Line  into  7,  5?,  and  1 1  equal  Parts.  But  to  avoid  Fractions,  the-  afore- 
faid Opening  muft  be  chang'd,  to  make  the  Divifion  of  6,  8,  10,  and  i25  upon  the  Leg  :  bur 
before  the  faid  Opening  of  the  Sector  be  altered,  take  the  Diftance  from  15  to  15,  which  will 
give  the  Divifions  for  dividing  a  Line  into  7  equal  Parts. 

Again  ;  take  12,  and  that  will  give  the  Divifion  for  dividing  a  Line  into  9  equal  Parts; 
and  laftly,  the  Diftance  from  10  to  10,  will  give  the  Divifion  for  dividing  any  Line  into  li 
equal  Parts. 

But  to  make  the  Divifion  for  dividing  a  Line  into  6  equal  Parts,  take  between  your  Com- 
paffes the  Length  of  one  of  the  Legs  of  the  proportional  Compaffes,  and  open  the  Sector  fo, 
that  the  Diftance  between  140  and  140,  on  each  Line  of  equal  Parts,  be  equal  to  the  afore- 
faid Length.  The  Sector  remaining  thus  opened,  take  the  Diftance  from  20  to  20,  on  each 
Line  of  equal  Parts,  and  lay  it  off  upon  the  Leg  of  the  Compaffes,  and  that  will  give  the  Di- 
vifion for  dividing  a  Line  into  6  equal  Parts. 

Again  ;  having  taken  the  Length  of  the  Leg  of  your  Compaffes,  open  the  Sector,  fo  that 
the  Diftance  from  180  to  180,  of  each  Line  of  equal  Parts  be  equal  thereto.  Then  take 
the  Extent  from  20  to  20,  and  that  laid  off  upon  the  Leg  of  the  Compaffes,  will  give  the 
Divifion  for  dividing  a  Line  into  8  equal  Parts. 

Moreover,  open  the  Sector  fo,  that  the  Diftance  from  110  to  no,  be  equal  to  the 
Length  of  the  Leg  of  your  Compaffes.     The  Sector  remaining  thus  opened,  the  Diftance; 
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from  to  to  10,  will  give  the  Divifion  for  dividing  a  Line  into  ten  equal  Parrs 

Laftly,  the  Sector  being  opened,  fo  that  the  Length  of  the  Leg  of  your  Compares  be  equal 
to  the  Diftance  from  130  to  130  ;  and  then  the  Diitance  from  10  to  10  will  give  the  Divuion 
for  dividing  a  Line  into  twelve  equal  Parts. 

The  Ufeof  this  Line  is  eafy  :  for  fuppofe  a  right  Line  is  to  be  divided  into  three  equal 
Parts:  firil  pufh  the  Curfor,  fo  that  the  middle  of  the  Screw  may  be  juft  upon  the  Figure  3  j 
and  having  firmly  fixed  it  upon  that  Point,  take  the  Length  of  the  propofed  Line  between  the 
two  longeft  Parts  of  the  Legs  ;  then  the  Diftance  between  the  two  fhorteft  Parts  of  the  Legs 
•will  be  t  of  the  given  Line.     Proceed  thus  for  dividing  a  given  Line  into  other  equal  Parts. 

Now  to  make  the  Divifions  for  regualr  Polygons,  divide  the  Leg  of  your  CompafTes  into 
two  equal  Parts  ;  and  having  opened  the  Sector,  let  the  Diitance  from  6  to  6,  on  the  two 
Lines  of  Polygons,  be  equal  to  one  of  thofe  Parts.  The  Sector  remaining  thus  opened,  take 
the  Di Ranee  from  3  to  3  for  a  Trigon,  and  lay  it  off  from  the  End  of  the  Leg  of  your  pro- 
portional Compares,  where  mark  3.  Again,  take  the  Diitance  from  4  to  4  for  a  Square,  up- 
on the  Line  of  Polygons,  and  that  will  give  the  Divifion  for  a  Square.  Moreover,  take  the 
Diftance  from  5  to  5,  on  the  Lines  of  Polygons,  and  lay  off  upon  the  Leg  of  your  Com- 
pafles, which  will  give  the  Divifion  for  a  Pentagon  ;  proceed  thus  for  the  Heptagon,  and  the 
other  Polygons,  to  the  Dodecagon.  It  is  needle  Is  to  make  the  Divifion  for  a  Hexagon,  be- 
caufe  the  Semidiameter  of  any  Circle  will  divide  its  Circumference  into  fix  equal  Parts. 

The  Ufe  of  this  Line  for  the  Infcription  of  Polygons  is  very  eafy  ;  for  if,  for  Example,  a 
Pentagon  is  to  be  inferibed  in  a  given  Circle,  pufii  the  Curfor  fe,  that  the  middle  of  the 
Screw  may  be  againfl  the  Number  5  for  a  Pentagon  ;  then  with  the  fhorteft  Parts  of  the 
Legs,  take  the  Semidiameter  of  the  Circle;  and  the  Legs  remaining  thus  opened,  the  Diftance 
between  the  Points  of  the  longeft  Parts  or  the  Legs,  will  be  the  Side  of  a  Pentagon  inferibed 
in  the  given  Circle. 

Again,  fuppofe  a  Heptagon  is  to  be  inferibed  in  a  Circle  ;  fix  the  Screw  againft  the  Num- 
ber 7  ;  then  take  the  Semidiameter  of  the  Circle  between  the  longeft  Parts  of  the  Legs  of 
your  CompafTes,  and  the  Diftance  between  the  fhorteft  Parts  of  the  Legs  will  be  the  Side  of 
a  Heptagon  inferibed  in  the  faid  Circle. 

Of  the  Beam-Compafi. 

Fig.K.  This  Compafs  confifts  of  a  very  even  fquare  Branch  of  Brafs  or  Steel,    from  1  to  3  or  4 

Feet  in  Length.  There  are  two  fquare  Brafs  Boxes  or  Curfors  exactly  fitted  to  the  faid 
Branch,  upon  each  of  which  may  be  screwed  on  Steel,  Pencil,  or  Drawing-Pen  Points,  ac- 
cording as  you  have  ufe  for  them.  One  of  the  Curfors  is  made  to  Aide  along  the  Branch, 
and  may  be  made  fad  to  it  by  means  of  a  Screw  at  the  Top  thereof,  which  preffes  againft  a 
little  Spring  ;  the  other  Curfor  is  fixed  very  near  one  End  of  the  Branch,  where  there  is  a 
Nut  fo  faftened  to  it,  that  by  turning  it  about  the  Screw,  at  the  End  of  the  Branch,  the  faid 
Curfor  may  be  moved  backwards  or  forwards  at  pleafure. 

Thefe  CompafTes  ferve  to  take  great  Lengths,  as  alfo  exactly  to  draw  the  Circumferences  of 
great  Circles,  and  exactly  divide  them. 

Of  the  EUiptick  Compajfes. 
rig.  L.  This  Inftrumcnt,  whofe  Ufe  is  to  draw  Ellipfes  of  any  kinds,  is  made  of  a  crofs  Branch  of 

Brafs,  very  itrait  and  equal,  about  a  Foot  long,  on  which  are  fitted  three  Boxes,  or  Curfors, 
to  Aide  upon  it.  To  one  of  the  Curfors  there  may  be  fcrewed  on  a  Steel-Point,  or  elfe  one 
to  draw  with  Ink,  and  fometimes  a  Porte-Craion.  At  the  bottom  of  the  two  other  Boxes 
are  joined  two  Aiding  Dove-Tails  ("as  the  little  Figure  1  fhews  ',)  thefe  Aiding  Dove-Tails 
are  adjufted  in  two  Dove-Tail  Grooves,  made  in  the  Branches  of  the  Crofs.  The  arorefaid 
two  Aiding  Dove-Tails,  which  are  affixed  to  the  Bottoms  of  the  Boxes  by  two  round  Rivets, 
and  fo  have  a  Motion  every  way,  by  turning  about  the  long  Branch,  move  backwards  and  for- 
wards along  the  Crofs  j  that  is,  when  the  long  Branch  has  gone  half  way  about,  one  of  the 
Aiding  Dove-Tails  will  have  moved  the  whole  Length  of  one  cf  the  Branches  of  the  Crofs; 
and  then,  when  the  long  Branch  is  got  quite  round,  the  fame  Dove-Tail  will  go  back  the 
whole  Length  of  the  Branch  :  underftand  the  lame  of  the  other  Aiding  Dove-Tail. 

Note,  The  Diftance  between  the  two  Aiding  Dove-Tails,  is  the  Diftance  between  the  two 
Foci  of  the  Ellipfis  ;  for  by  changing  that  Diftance,  the  Ellipfis  will  more  or  lefs  fwell. 

Underneath  the  Ends  of  the  Branches  of  the  Crofs,  there  is  placed  four  Steel-Points,  to 
keep  it  faft  upon  the  Paper.  The  Ufe  of  this  Compafs  is  eafy  ;  for  by  turning  round  the  long 
Branch,  the  Ink,  or  Pencil-Point,  will  draw  an  Oval,  or  Ellipfis,  required.  Its  Figure  is 
enough  to  fhew  the  Conftruction  and  UCe  thereof. 

Of  Cylindrick  and  Sphericli  Ccmpajjes. 
Fig.  M.  Figure  M  is  a  Pair  of  CompafTes  ufed  in  taking  the  Thickneffesof  certain  Bodies,  as  Can- 

non, Pipes,  and  the  like  things,  which  cannot  be  well  done  with  Compafles  of  but  two 
Points.  Thefe  Compafies  are  made  of  two  Pieces  of  Brafs,  or  other  Metal,  having  two  cir- 
cular Points,  and  two  flat  ones,  a  little  bent  at  the  Ends.     When  you  ufe  them,  one  of  the 
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flat  Points  muft  be  put  into  the  Cannon,  and  the  other  without ;  then  the  two  oppoiite  Joints 
will  fhew  the  Thicknefs  of  the  Cannon. 

Note,  The  Head  of  thefe  Companies  ought  to  be  well  drilled  in  the  Center  ;  that  is,  if  a 
Line  be  drawn  from  one  Point  to  the  oppofite  one,  the  faid  Line  muft  exactly  pafs  thro  the 
Center  ;  and  when  the  Compaffes  ars  (hut,  all  the  Points  ought  to  touch  one  another. 

The  Figure  N  is  a  Pair  of  Spherick  Compares,  which  differs  in  nothing  from  the  Con- ^    *+. 
ftru&ion  of  Common  Compares,  except  only  that  the  Legs  are  rounded,  to  take  the  Diame-   'S' 
ters  of  round  Bodies,  as  Bullets,  Globes,  &c. 

Laftly,  the  Figure  O  is  another  Cylindrical  Pair  of  CompalTes,  whofe  Legs  are  equal :  The 
Figure  is  enough  to  fhew  their  Conftru&ion  and  Ufq. 

Additions  to  CHAP.  I. 

Of  the  Turn-up  Compajfes,  and  the  Proportional  Compaffes,  with  the 

Settor  Lines  upon  them. 

Of  the  Turn-up  Compajfes. 

THE  Body  of  thefe  Compafles,  is  much  like  the  Body  of  common  Compafles,  nigh  the  Fig.  i[ 
Bottom  of  which,  and  on  the  outward  Faces,  are  adjufted  two  Steel  Points,  one  of 
them  having  a  Drawing-Pen  Point  at  the  End,  and  the  other  a  Porte-Craion  at  its  End,  fo 
that  they  may  turn  round.  Nigh  the  middle  of  the  outward  Faces,  are  two  little  Steel  Spring 
Catches,  to  hinder  the  Points  giving  way  when  ufing.  The  Benefit  of  this  Contrivance,  is, 
that  when  you  want  to  ufe  a  Drawing-Pen  Point,  or  a  Pencil,  you  have  no  more  to  do,  but 
turn  the  Drawing-Pen  Point,  or  the  Porte-Craion,  until  the  Steel  Points  come  to  the  Catch  : 
whereas,  in  a  common  Pair  of  Compafles,  you  have  the  trouble  of  taking  off  a  Steel  Point,  in 
order  to  put  either  of  the  aforefaid  Points  in  its  place.  The  Figure  of  this  Compafs  is  fuffi- 
cient  to  fhow  its  Conftruction  and  Ufe; 

Of  the  Proportional  Compajfes,  with  the  SeSior  Lines  upon  them. 
Thefe  Compafles  are  made  of  two  equal  Pieces  of  Brafs  or  Silver,  of  any  Length,  the  Breadth  Fig-  |i 
and  Thicknefs  of  which  muft  be  proportionable.  Along  the  greateft  Part  of  their  Length  are 
two  equal  Dove-tail  Slits  made,  in  each  of  which  go  two  Sliding  Dove-tails  of  the  fame 
Length,  each  having  a  Hole  drilled  in  the  Middle,  thro  which  pafles  a  Rivet,  with  a  turned 
Cheek  fixed  at.  one  End,  (which  turned  Cheek  is  faftned  to  one  of  the  Sliding-Dove-Tai  Is) 
and  a  Nut  at  the  other.  There  is  another  equal  turned  Cheek,  faftened  to  the  other  Dove- 
tail ;  fo  that  the  two  Sliding  Dove-tails,  together  with  the  two  turned  Cheeks  and  Rivet, 
make  a  Curfor  to  flip  up  and  down  the  Slits,  and  likewife  ferve  as  a  moveable  Joint  for  the 
Branches  of  the  Compafles  to  turn  about. 

At  the  Ends  of  the  aforefaid  Pieces  of  Brafs,  or  Silver,  are  fixed  four  equal  Steel-Points,' 
the  Lengths  of  each  of  which  muft  be  fuch,  that  when  the  Curfor  is  Aid  as  far  as  it  can  go, 
to  either  of  the  Ends  of  the  Slits,  the  Center  of  the  Rivet  may  be  exactly  \  Parts  of  the  Dif- 
tance  from  one  Point  to  the  other. 

At  a  fmall  Diftance  from  the  four  Ends  of  the  two  Sliding  Dove-tails,  are  drawn  acrofs 
four  Lines,  or  Marks ;  and  when  the  Center  of  the  Rivet  is  in  the  Middle  between  the  Points, 
the  Divifions  of  the  Lines  on  the  Broad-Faces,  begin  from  thofe  Lines,  and  end  at  them : 
But  the  Divifions  on  the  Side-Faces,  begin  and  end  againft  the  Center  of  the  Rivet,  when  ic 
is  in  the  Middle  between  the  Points. 

The  Lines  on  the  firft  broad  Face  of  thefe  Compafles,  are,  ifl,  the  Line  of  Lines,  divided 
into  ioo  unequal  Parts  j  every  ioth  of  which  are  number'd,  at  the  Top  of  which  is  writ  Lines. 
idly,  A  Line  of  Chords  to  <5o  Degrees,  at  the  Top  of  which  is  writ  Chords.  On  the  other 
broad  Face,  are,  ifl,  A  Line  of  Sines  to  00  Degrees,  at  the  Top  of  which  is  writ  Sines. 
2dly,  A  Line  of  Tangents  to  45  Degrees,  at  the  Top  of  which  is  writ  Tangents'. 

On  the  firft  Side-Face,  are  the  Tangents  from  45  Deg.  to  71  Deg.  34  Min.  to  which  is  wric 
Tang,  and  on  the  fecond,  are  the  Secants  from  o  Deg.  to  70  Deg.  30  Min.  to  which  is  writ 
Sec. 

ConJlruElion  of  the  Line  of  Lines  on  thefe  Compajfzs. 
Draw  the  Lines  AD,  C  B,  of  the  fame  Length  that  you  defign  to  have  the  Branches  of  Fig.  3,; 
the  Compafles,  crofling  each  other  in  the  Middle  G  ;  with  one  Foot  of  your  Compafles  in  A, 
and  the  Diftance  A  D,  defcribe  the  Arc  E  D  ;  and  with  the  fame  Diftance  in  the  Point  B, 
defcribe  the  Arc  C  E  :  thro  the  Points  E,  G,  draw  the  right  Line  E  M,  which  will  bifccl:  the 
Line  drawn  from  C  to  D,  in  the  Point  F ;  alfo  bifed  F  D  in  H,  and  raife  the  Perpendicular; 
H  R.     Now  if  from  the  Point  R,  a  right  Line  is  drawn  to  A,  it  will  cut  the  Line  EM  in 
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the  Point  k;  and  if  with  one  Foot  of  your  Compafles  in  A,  and  the  Diftance  A  k,  you  de- 
fcribe  an  Arc  cutting  the  Side  A  D  in  the  Point  50 ;  the  faid  Point  50,  on  the  Side  A  D,  will 
be  the  Divifion  for  50  and  50  of  the  Line  of  Lines,  if  the  Center  of  the  Curfor  was  to  be 
flid  to  the  Divifions,  when  the  Compafs  is  ufing.  But  becaufe  the  Lines  drawn  acrofs  near 
the  Ends  of  the  Sliding  Dove-tail,  are  to  be  flipped  to  the  Divifions,  when  the  Compafles 
are  to  be  ufed,  the  Divifion  for  50  muft  be  as  far  beyond  the  Point  50,  as  the  aforefaid  Line  on 
the  Sliding  Dove-tail,  is  diftant  from  the  Center  of  the  Curfor  ;  which  Diftance  fuppofe  G  Q, 
or  G  L  its  Equal.  Underftand  the  fame  for  all  other  Divifions,  which  are  found  in  the  man- 
ner that  I  am  now  going  to  fhew. 

Divide  D  H  into  50  equal  Parts,  and  from  every  of  which  raife  Perpendiculars  to  cut  the 
Arc  ED  (I  have  only  drawn  every  10.)  Now  if  from  the  Point  A,  to  all  the  Points  wherein 
the  Perpendiculars  cut  the  Arc  E  D,  right  Lines  are  drawn,  cutting  the  Line  E  M;  and  if 
the  Distances  of  thefe  Sections  from  the  Point  A,  are  laid  off  from  the  fame  Point  on  the  Line 
A  D,  the  Divifions  from  o  to  50,  for  the  Line  of  Lines,  will  be  had  ;  and  likewife  from  50 
to  100,  which  are  at  the  fame  Diitance  from  tne  Center  G  ;  in  obferving  to  place  each  of 
them,  found  out  as  directed,  fo  much  further  from  the  Center  G,  as  the  Line  G  Q_is  diftant 
from  it. 

The  Divifions  for  the  Line  of  Lines  being  found,  as  before  directed,  they  muft  each  of 
them  be  transfer'd  to  the  Face  of  your  Compafles,  and  be  numbered  as  per  Figure. 

CcnftruElion  of  the  Line  of  Chords,  Sines,  'tangents,  and  Secants. 
Fig.  4>  Having  taken  half  of  the  Line  of  Lines,  and  divided  the  Spaces  from  o  to  10,  ia  to  20, 

to  to  30,  30  to  40,  and  40  to  50,  into  100  Parts,  by  means  of  Diagonals ;  that  half  fo  divi- 
ded, will  ferve  as  a  Scale  whereby  the  Tables  of  Natural  Sines,  Tangents,  and  Secants,  and 
the  Divifions  of  all  the  other  Lines  on  this  Compafs,  may  be  eafily  made. 

Now  having  flid  the  Center  of  the  Curfor  to  the  Middle  of  the  Compafles,  the  Begin- 
ning and  Ending  of  the  Line  of  Chords  muft  be  (as  in  all  the  other  Lines  drawn  upon  thefe 
Compafs 's,  two  broad  Faces)  where  the  Line  drawn  acrofs  the  Sliding  Dove-tail  cuts  the  Sides 
of  the  Slit :  then  to  find  where  the  Divifion  of  any  Number  of  Degrees,  or  half  Degrees, 
fuppofe  10,  muft  be,  look  in  the  Table  of  Natural  Sines  for  the  Sine  of  5  Degrees,  which  is 
half  10,  and  you  will  find  it  871.557;  which  doubled,  will  give  the  Chord  of  10  Degrees, 
viz,.  1 743. 1 14:  but  becaufe  the  Radius  to  the  Table  of  Natural  Sines,  Tangents,  and  Se- 
cants, is  1 0000,  and  from  the  aforefaid  Semi-Line  of  Lines  made  into  a  Diagonal  Scale,  can 
be  taken  but  500  Parts;  therefore  rejed  the  laft  Figure  to  the  right-hand,  together  with  the 
Pecimals,  and  you  will  have  174  for  the  Chord  of  10  Degrees,  when  the  Radius  is  but  1000 
or  the  Length  of  the  Line  of  Lines.  Now  take  174  Parts  from  the  Diagonal  Scale,  and  lay 
them  off  from  o,  on  the  Parallels  drawn  to  contain  the  Divifions  of  the  Line  of  Chords,  and 
you  will  have  the  Divifion  for  10  Degrees.  Again,  to  find  the  Divifion  for  20  Degrees, 
look  for  the  Natural  Sine  of  10  Degrees,  and  it  will  be  found  173 6.48 2  ;  which  doubled,  will 
give  the  Chord  of  20  Degrees,  viz,.  3472.064,  and  rejecting  the  laft  Figure  to  the  right-hand, 
and  the  Decimals,  you  will  have  347,  which  being  taken  from  your  Diagonal  Scale,  and  laid 
off  from  o  o  on  the  Parallels,  you  will  have  the  Divifion  for  the  Chord  of  20  Degrees.  In 
this  manner  proceed  for  finding  the  Divifions  for  the  Chords  of  any  Number  of  Degrees,  or 
half  Degrees.  But  note,  when  you  come  to  the  Chord  of  20  Degrees,  you  are  got  to  the 
furtheft  Divifion  from  the  Center  ;  becaufe,  from  the  Table  of  Sines,  the  Chord  of  29  Deg. 
is  half  Radius,  (or  at  leaft  near  enough  half  for  this  Ufe)  or  500,  and  confequently  the  Length 
of  your  whole  Scale  :  therefore  you  muft,  for  the  Divifions  of  the  Chords  of  any  Number  of 
Degrees  above  29,  lay  off  the  Parts  above  500,  taken  on  the  Diagonal  Scale,  from  the  Divi- 
fion of  29  Degrees,  back  again  towards  the  Center,  on  the  other  Side  the  Slit,  to  do.  As 
for  Example;  to  find  the  Divifion  for  the  Chord  of  40  Degrees;  the  Chord  is  684,  from 
which  500  being  fubftra&ed,  you  muft  take  the  Remainder  184  from  your  Diagonal  Scale, 
and  lay  it  off  towards  the  Center,  on  the  Parallels  drawn  on  the  other  Side  of  the  Slit,  from  a 
Point  over-againft  the  Divifion  for  the  Chord  of  25?  Degrees;  and  fo  for  any  other. 

The  Lines  of  Sines,  or  Tangents,  on  the  other  broad  Face  of  thefe  Compafles,  are  made  in 
the  fame  manner  as  the  Line  of  Chords  is:  As,  for  Example,  to  make  the  Divifion  for  the 
Sine  of  any  Number  of  Degrees,  fuppofe  10  ;  you  will  find  from  the  Table  of  Natural  Sines, 
that  the  Sine  of  10  Degrees  is  173  ;  whence  lay  off  173  Parts,  taken  on  the  Diagonal  Scale, 
from  the  beginning  of  the  Lines  drawn  to  contain  the  Divifions,  and  you  will  have  the  Point 
for  the  Sine  of  10  Degrees.  Again  ;  to  find  the  Divifion  for  the  Sine  of  25  Degrees,  you  will 
find  from  the  Table,  that  422  is  the  Sine  of  25  Degrees;  therefore  take  on  your  Scale  422 
Parts,  and  lay  them  off  from  o,  and  you  will  have  the  Divifion  for  the  Sine  of  25  Degrees. 
Thus  proceed  for  the  Divifions  of  any  other  Number  of  Degrees,  until  you  come  to  30,  whofe 
Sine  is  equal  to  Half-Radius,  and  from  30  back  again  to  90,  in  obferving  the  Directions  afore- 
given  about^  the  Chords,  when  they  return  towards  the  Center. 

The  Divifions  for  the  Tangent  of  any  Number  of  Degrees,  fuppofe  10,  are  likewife  thus 
found;  for  the  Tangent  of  10  Degrees,  by  the  Table,  is  176;  wherefore  taking  176  Parts 
from  your  Scale,  and  laying  them  off  from  o  o  on  the  Parallels  drawn  tp  contain  the  Divifions, 
the  Divifion  for  the  Tangent  of  10  Degrees  will  be  had.     Again ;  to  find  the  Divifion  for  the 
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Tangent  of  25  Degrees ;  by  the  Table  of  Tangents,  the  Tangent  of  2  5  Degrees  will  be  found 
a66  ;  whence  taking  466  Parts  from  your  Scale,  and  laying  them  off  from  o  o,  you  will  have 
the  Divifion  for  the  Tangent  of  25  Degrees.  Thus  proceed  for  the  Divifions  of  the  Tangents 
of  any  other  Number  of  Degrees,  until  you  come  to  the  Diviiion  of  the  Tangent  of  26  Deg. 
30  Min.  which  is  half  the  Radius ;  and  from  26  Deg.  30  Min.  back  again  to  45  Deg.  whofe 
Tangent  is  equal  to  Radius,  in  obferving  the  Directions  afore-given  about  the  Line  of  Chords, 
when  they  return. 

The  Conflruction  of  the  Tangents  to  a  fecond  and  third  Radius,  on  the  fide  Face  of  thefe 
Compafles,  is  thus  :  Let  the  Beginning  of  the  fecond  Radius,  which  is  at  the  Tangent  of  45 
Degrees,  be  in  the  Middle  between  the  Points  of  the  Compafles  j  becaufe  when  the  Compafs  is 
ufing,  a  little  Notch  in  the  Side  of  the  turned  Cheek,  which  is  directly  againft  the  Center 
of  the  Curfor,  is  flid  to  the  Divifions  :  then  to  make  the  Divifions  for  the  Tangents  of  the 
Degrees,  and  every  15  Minutes,  from  the  Tangent  of  45,  to  the  Tangent  of  56  Degrees,  and 
about  20  Minutes,  which  is  half  a  fecond  Radius,  you  muft  look  for  the  refpective  Tangents 
in  the  Table  of  Natural  Tangents ;  and  having  caft  away  the  laft  Figure  to  the  right-hand, 
and  the  Decimals,  (which  always  do)  fubftracl:  1000  from  each  of  them,  becaufe  that  is 
equal  to  one  of  our  Radius's,  and  the  Remainders  take  from  your  Scale,  and  lay  off  from  45  ; 
fo  fhall  you  have  the  Divifions  to  the  Tangent  of  56  Deg.  and  about  20  Min.  Then  again, 
to  have  the  Divifions  from  56  Deg.  20  Min.  to  63  Deg.  and  27  Min.  the  Tangent  of  which 
is  equal  to  2000,  or  two  of  our  Radius's,  you  muft  fubftract  1500,  which  is  2  and  a  half  of 
our  Radius's,  from  every  of  the  refpe&ive  Tangents,  found  and  ordered  as  before  directed  ; 
and  then  take  each  of  the  Remainders  from  the  Scale,  and  lay  them  off  from  56  Deg.  20  Min. 
on  the  Top,  and  you  will  have  the  Divifions  of  the  Tangents  of  the  Degrees,  and  every  ij 
-Min.  from  56  Deg.  20  Min.  to  63  Deg.  27  Min.  which  will  fall  againft  45  Deg.  on  the  Side 
of  the  other  Branch.  Again ;  to  find  the  Divifions  of  the  Tangents  of  the  Degrees,  and 
.every  15  Minutes,  from  61  Deg.  27  Min.  to  68  Deg.  12  Min.  which  makes  two  Radius's 
and  a  half,  or  2joo,  you  muft  fubftracl:  2000  from  each  of  the  Tangents,  found  and  ordered 
as  aforefaid,  and  the  Remainders  muft  be  taken  off  your  Scale,  and  laid  off  from  63  Deg6 
27  Min.  and  you  will  have  the  Divifions  for  the  Tangents  of  the  Degrees,  and  every  15  Min. 
from  63  Deg.  27  Min.  to  68  Deg.  12  Min.  Lafily,  to  have  the  Divifions  from  68  Deg.  12 
Min.  to  71  Deg.  34  Min.  which  ends  at  45  Deg.  and  makes  up  the  third  Radius,  or  3000  : 
you  muft  fubftracl:  2500  from  each  of  the  Tangents  found  in  the  Table,  and  ordered  as  before 
directed  ;  and  take  off  the  Remainders  from  your  Scale,  which  laid  off  upwards  from  68  Deg. 
12  Min.  will  give  the  Divifions  for  the  Tangents  of  the  Degrees,  and  every  15  Minutes,  be- 
tween 68  Deg.  12  Min.  and  71  Deg.  34  Min. 

The  Divifions  for  the  Secants,  on  the  other  narrow  Face  of  the  Compaffes,  which  ruri 
from  o  Degrees,  in  the  middle  between  the  two  Points  of  the  Compafles,  to  70  Degrees,  3  a 
Minutes,  that  is,  which  are  the  Secants  to  a  fecond  and  third  Radius  (like  as  the  Tangents 
laft  mentioned)  are  made  exactly  in  the  fame  manner,  from  the  Table  of  natural  Secants,  as 
thofe  Tangents  to  a  fecond  and  third  Radius  are  made. 

USE  0/  thefe  "Proportional  Cor/ipajfes* 

U  S  E  I.  To  divide  a  given  right  Line  into  any  Number  of  equal  Parts,  lefs  than  100] 
Divide  100  by  the  Number  of  equal  Parts  the  Line  is  to  be  divided  into,  and  flip  the 
Curfor  fo,  that  the  Line  drawn,  upon  the  Aiding  Dove-Tail,  may  be  againft  the  Quotient  on 
the  Line  of  Lines  :  then  taking  the  whole  Extent  of  the  Line  between  the  two  Points  of  the 
Compafles,  that  are  furtheft  diftant  from  the  Center  of  the  Curfor,  and  afterwards  applying 
one  of  the  twooppofite  Points  to  the  Beginning  or  End  of  the  given  Line,  and  the  other  op- 
pofite  Point  will  cut  off  from  it  one  of  the  equal  Parts  that  the  Line  is  to  be  divided  into. 

As,  for  Example  ;  to  divide  the  Line  A  B  into  two  equal  Parts  :  loo,  divided  by  2,  givesFig.  5, 
50  for  the  Quotient ;  therefore  flip  the  Line  on  the  Dove-Tail  to   the  Divifion   50  on  the 
Line  of  Lines,  and  taking  the  whole  Extent  of  the  Line  A  B  between  the  Points  furtheft 
from  the  Center  ;  then  one  of  the  oppofite  Points  fet  in  A  or  B,    and  the  other  will  fall   on 
the  Point  D,  which  will  divide  the  Line  A  B  in  two  equal  Parts. 

Again  ;  to  divide  a  right  Line  into  three  equal  Parts,  divide  100  by  3,  and  the  Quotient: 
will  be  33.3  ;  therefore  flip  the  Line  of  the  Dove-Tail  to  the  Divifion  33,  and  for  the  three 
Tenths  conceive  the  Divifion  between  33  and  34  to  be  divided  into  10  equal  Parts,  and  rea- 
fonably  eftimate  3  of  them.  Proceed  as  before,  and  you  will  have  a  third  Part  of  the  faid 
Line,  and  therefore  it  may  eafily  be  divided  into  3  equal  Parts.  Moreover,  to  divide  a  given 
Line  into  50  equal  Parts,  divide  100  by  50,  and  the  Quotient  will  be  2  j  therefore  flip  the 
«Line,  on  the  Aiding  Dove-Tail,  to  the  Divifion  2  on  the  Line  of  Lines.  Proceed  as  at  firft, 
and  you  will  have  a  50th  Part  of  the  Line  propofed  ;  whence  it  will  be  eafy  to  divide  it  into 
50  equal  Parts. 

Note,  If  each  of  the  Subdivifions,  on  the  Line  of  Lines,  is  fuppofed  to  be  divided  into  100 
equal  Parts  ;  then  a  Line  may,  by  means  of  the  Line  of  Lines  on  thefe  Compafles,  be  di- 
vided into  any  Number  of  equal  Parts  lefs  than  1000.     As,  for  Example  j   to  divide  a  Line 
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into  500  equal  Parts  :  Divide  1000  by  503,  and  the  Quotient  will  be  2  ;  therefore  flip  the 
Line,  on  tiie  Dove-Tail,  to  2  Tenths  of  one  of  the  Subdivifions  of  100,  and  proceed,  as 
at  firft  directed,  and  you  will  have  the  500th  Part  of  the  Line  given,  which  afterwards  may 
cafily  be  divided  into  500  equal  Parts.  Again  ;  to  divide  a  Line  into  200  equal  Pares  ;  divide 
1000  by  200,  and  the  Quotient  will  be  50  ;  therefore  flip  the  Line,  on  the  Dove-Tail,  to  5 
of  the  Subdivifions  of  100,  on  the  Line  of  Lines,  which  will  now  reprefent  50  ;  proceed  as 
at  firft,  and  you  will  have  the  200th  Part  ot  the  Line  given  :  therefore  it  will  be  eafy  to  di- 
vide it  into  200  equal  Parts.  Moreover,  to  divide  a  given  Line  into  150  equal  Parts,  divide 
1000  by  150,  and  the  Quotient  will  be  6.6  ;  wherefore  reafonably  eftimate  6  of  the  10  equal 
Parts  that  the  firil  of  the  Subdivifions  of  100  is  fuppofed  to  be  divided  into,  and  flip  the  Line, 
on  the  Aiding  Dove-Tail,  to  the  6th  ;  then  proceeding  as  at  firft,  and  the  Line  maybe  di- 
vided into  150  equal  Parts.  If  a  Line  be  fo  long,  that  it  cannot  be  taken  between  the  Points 
of  your  Compafles,  you  muft  take  the  half,  third,  or  fourth  Part,  &c.  and  proceed  with  that 
as  before  directed  ;  then  one  of  the  Parts  found  being  doubled,  trebled,  &c.  will  be  the  cor- 
relpondent  Part  of  the  whole  Line. 

USE  II.  A  right  Line  king  given,  and  fuppofed  to  be  divided  into  100  equal  Parts  :  to  take 
\ ■  any  Number  of  tbofe  Parts. 

Slip  the  Line,  on  the  Hiding  Dove-Tail,  to  the  Number  of  Parts  to  be  taken,  as  10  ;  then 
the  Extent  of  the  whole  Line  being  taken  between  the  Points  of  the  Compafles,  furtheft 
diftant  from  the  Curfor,  if  one  of  the  oppofite  Points  be  fet  in  either  Extreme  of  the  given 
Line,  the  other  will  cut  off  the  Part  required. 

USE  III.  The  Radius  being  given  ;  to  find  the  Chord  of  any  Arc  under  60  Degrees. 
Slip  the  Line,  on  the  Aiding  Dove-Tail,  to  the  Degrees  fought  on  the  Line  of  Chords ; 
then  take  the  Radius  between  the  Points  of  the  Compafles,  furtheft  diflant  from  the  Center  of 
the  Curfor,  and  the  Extent,  between  the  two  oppofite  Points,  will  be  the  Chord  fought,  if 
the  given  Number  of  Degrees  be  greater  than  20,  whofe  Chord  is  Half-Radius  ;  but  if  the 
Number  of  Degrees  be  lefs  than  29,  then  the  Diftance  of  the  two  oppofite  Points,  taken  from 
Radius,  will  be  the  Chord  of  the  Degrees  required. 

If  the  Chord  of  a  Number  of  Degrees  under  60  is  given,  and  the  Radius  to  it  be  required  ; 
you  muft  flip  the  Line,  on  the  Hiding  Dove-Tail,  to  the  Degrees  given  on  the  Line  of 
Chords  ;  and  taking  the  Length  of  the  given  Chord  between  the  two  Points  of  your  Com- 
pafles, that  are  nigheft  the  Curfor,  the  Extent  of  the  two  other  oppofite  Points  will  be  the 
Radius  required. 
Fig.  6.  Example,  for  the  firft  Part  of  this  Ufe  :  Suppofe  the  Length   of  the  Radius  be  the  Line 

A  B,  and  the  Chord  of  25  Degrees  be  required  ;  Slip  the  Line,  on  the  Aiding  Dove-Tail, 
to  35  Degrees  on  the  Line  of  Chords  ;  take  the  whole  Extent  of  the  Line  A  B  between  the 
Points  of  the  Compafles,  furtheft  diftant  from  the  Curfor  ;  and  placing  one  of  the  oppofite 
Points  in  the  Point  A,  the  other  Point  will  give  the  Extent  A  D  for  the  Chord  of  35  Degrees. 
Again ;  to  find  the  Chord  of  9  Degrees  :  Slip  the  Line,  on  the  Aiding  Dove-Tail,  to  9  De- 
grees on  the  Line  of  Chords  ;  then  take  the  Extent  of  the  Radius,  which  fuppofe  A  B,  be- 
tween the  two  Points  of  the  Compafles,  furtheft  diftant  from  the  Center  ;  and  placing  one  of 
the  oppofite  Points  in  the  Point  A,  the  other  will  fall  on  the  Point  C,  and  the  Difference  be- 
tween A  B  and  A  C,  viz..  C  B,  will  be  the  Chord  of  9  Degrees. 

s     USE  IV.  The  Radius  being  given,  fuppofe  the  Line  A  B  ;  to  find  the  Sine  of  any  Number  of 
%  Degrees,  as  50. 

Fig.  7,  Slip  the  Line,  on  the  Aiding  Dove-Tail,  to  50  Degrees  on  the  Line  of  Sines  ;  then  if  the 

Extent  A  B  is  taken  between  the  two  Points  of  the  Compafles,  furtheft  from  the  Curfor,  and 
one  of  the  oppofite  Points  be  fet   in  the  Point  A,    the  other  will  give   A  C    for  the  Sine  of 
50  Degrees  ;  but  if  the  Sine  fought  be  lefler  than  the  Sine  of  30  Degrees,  which  is  equal  to 
Half-Radius,  the  Difference,  between  the  Extents  of  the  oppofite  Points,  will  be  the  Sine  of 
the  Angle  required. 

U  S  E  V.  The  Radius  being  given  ;  to  find  the  Tangent  of  any  Number  of  Degrees,  not  above 71. 

If  the  Tangent  of  the  Degrees,  under  26  and  30  Minutes,  whofe  Tangent  is  equal  to 
Half-Radius,  be  fought :  You  muft  flip  the  Line,  on  the  Aiding  Dove-Tail,  to  the  Degrees 
propofed  on  the  Line  of  Tangents  ;  and  then  take  the  Radius  between  the  Points  of  the 
Compafs,  furtheft  diftant  from  the  Curfor,  and  the  Difference  between  the  oppofite  Points 
will  be  the  Tangent  of  the  Number  of  Degrees  propofed. 

If  the  Tangent  of  any  Number  of  Degrees  above  26  and  30  Minutes,  and  under  45,  be 
fought  ;  then  you  muft  Aip  the  Line,  on  the  Aiding  Dove-Tail,  to  the  Number  of  Degrees 
given  on  the  Tangent-Line,  and  take  the  Radius  between  the  Points  of  the  Compafs  furtheft 
from  the  Curfor  ;  then  the  Diftance,  between  the  two  oppofite  Points,  will  be  the  Tangent 
of  the  Degrees  required. 

Jf  the  Tangent  required  be  greater  than  45  Degrees,  but  lefs  than  56  Degrees,  and  about 
20  Minutes  ;  you  muft  flip  the  Notch,  on  the  Side  of  the  turned  Cheek,  to  the  Degrees  of 
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the  Tangents  upon  the  Side  of  the  Compafs,  and  take  the  Radius,  between  the  Points  of  the 
Compafs,  furtheft  diftant  from  the  Curfor  ;  the  Difference  between  the  oppofite  Points, 
added  to  Radius,  will  be  the  Tangent  of  the  Degrees  fought. 

If  the  Tangent  required  be  greater  than  that  of  56  Degrees,  20  Minutes,  but  lefs  than 
63  Degrees,  27  Minutes,  you  mull  flip  the  Notch  to  the  Degrees  propofed,  and  take  the 
Radius,  as  before,  between  the  Points  of  the  Compafs  ;  then  the  Extent,  between  the  two 
oppofite  Points,  added  to  Radius,  will  be  the  Tangent  required. 

If  the  Tangent  required  be  greater  than  63  Degrees,  27  Minutes,  but  lefs  than  6%  De- 
grees ;  you  muft  flip  the  Notch,  on  the  Side  of  the  turned  Cheek,  to  the  Degrees  propofed, 
and  take  the  Radius  between  the  Points  of  the  Compafs,  as  before  ;  then  the  Difference  be- 
tween the  oppofite  Points,  added  to  twice  Radius,  will  be  the  Tangent  of  the  Degrees  pro- 
pofed. 

Laftly,  If  the  Tangent  be  greater  than  6%  Degrees,  but  lefs  than  71,  you  mud  add  the 
Diftance  between  the  oppofite  Points  of  the  Compafs,  to  two  Radius's,  and  the  Sum  will 
be  the  Tangent  of  the  Degrees  fought. 

The  Secant  of  any  Number  of  Degrees,  under  70,  by  having  Radius  given,  in  obferving 
the  aforefaid  Directions  about  the  Tangents,  may  be  eafily  found. 

CHAP.     II, 
Of  the  Conftruelion  of  divers  Mathematical  Inftrument L 

Of  the  Sliding  Porte-Craion. 

THIS  Inftrument  is  commonly  about  four  or  five  Inches  long,  the  Outfide  of  which  is  plate  10. 
filed  into  eight  Faces,  and  the  Infide  perfectly  round,  in  which  a  Porte-Craion  is  put,  Fig.  A* 
which  may  be  Aid  up  and  down  by  means  of  a  Spring  and  Button,  of  which  we  fhall  fpeak 
hereafter.  The  Compaffes  of  the  Figure  B  is  made  to  fcrew  into  one  End  of  this  Inftrument. 
There  are  commonly  drawn,  upon  the  Faces  of  this  Porte-Craion,  the  Se&or-Lines,  whofe 
manner  of  drawing  is  the  fame,  as  thofe  on  the  Sector  ;  and  their  Ufe  is  the  fame  as  the 
Ufeof  thofe  on  the  Seftor,  excepting  only  that  they  are  not  fo  general.  For  Example;  If 
you  have  a  mind  to  make  an  Angle  of  40  Degrees  upon  a  given  Line  ;  take  the  Extent  of  60 
Degrees  of  the  Line  of  Chords,  and  therewith  defcribe  an  Arc  upon  the  given  Line  :  then 
take  the  Extent  of  40  Degrees,  and  lay  off  upon  that  Arc,  and  from  its  Center  draw  a  Line, 
which  will  make  an  Angle  of  40  Degrees  with  the  given  Line. 

Note,  There  are  alfo  round  Infiruments  of  this  kind,  whofe  Outfides   are  divided  into  In- 
ches, and  each  Inch  into  Lines. 

This  is  another  Porte-Craion  made  of  Brafs,  round  within,  and  commonly  fo  without,  hav-  Fig-  Ci 
ing  the  Porte-Craion  of  Figure  D  made  to  flip  up  and  down  in  it.  In  the  Ends  of  the  faid 
Porte-Craion  are  put  Pencils,  which  are  made  faft  by  two  Rings  ;  and  in  the  middle  is  placed 
a  well-hammered  Brafs  or  Steel  Spring,  having  a  Female  Screw  made  in  it  at  1,  in  order  to 
receive  the  Male  Screw  at  the  End  of  the  Button  E,  which  goes  thro  a  Slit  made  in  the  Body 
of  the  Inftrument.  The  Figure,  and  what  I  have  faid,  is  enough  to  fhew  the  Nature  of  this 
Porte-Craion. 

Of  the  Fountain-Pen. 
This  Inftrument  is  compofed  of  different  Pieces  of  Brafs,  Silver,  &c.  and  when  the  Pieces  pier.  p. 
F  G  H  are  put  together,  they  are  about  five  Inches  long,  and  its  Diameter  is  about  three 
Lines.  The  middle  Piece  F  carries  the  Pen,  which  ought  to  be  well  flit,  and  cut,  and  fcrewed 
into  the  Infide  of  a  little  Pipe,  which  is  foldered  to  another  Pipe  of  the  fame  Bignefs,  as  the 
Lid  G ;  in  which  Lid  is  foldered  a  Male  Screw,  for  fcrewing  on  the  Cover :  as  likewife  for 
flopping  a  little  Hole  at  the  Place  1,  and  fo  hindering  the  Ink  from  running  through  it.  At 
the  other  End  of  the  Piece  F,  there  is  a  little  Pipe,  on  the  Outfide  of  which  the  Top-Cover 
H  may  be  fcrewed  on.  In  this  Top-Cover  there  goes  a  Porte-Craion,  that  is  to  fcrew 
into  the  laft  mentioned  little  Pipe,  and  fo  flop  the  End  of  the  Pipe  at  which  the  Ink  is  poured 
in,  by  means  of  a  Funnel. 

When  the  aforementioned  Pen  is  to  be  ufed,  the  Cover  G  mufl  be  taken  off,  and  the  Pen  a 
little  fhaken,  in  order  to  make  the  Ink  run  freely.  Note,  If  the  Porte-Craion  does  not  flop 
the  Mouth  of  the  Piece  F,  the  Air,  by  its  Preflure,  will  caufe  the  Ink  all  to  run  out  at  once. 
Note  alfo,  that  fome  of  thefe  Pens  have  Seals  foldered  at  their  Ends. 

Of  Pincers  for  holding  Papers  together. 
This  little  Inftrument  is  made  of  two  well-hammered  thin  Pieces  of  Brafs,  faflened  toge-Fig.  L 
ther  at   top,    and    having   a   Brafs  Spring  between   them,  and  a  Ferril,  that  Aides  up  and 
down,  in  order  to  draw  them  together.     The  whole  Piece  is  about  two   Inches   long,  and  its 
Figure  is  enough  to  fhew  the  Conflru&ion  and  Ufe  thereof. 
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Of  the  Pentograpb,  or  Parallelogram. 
Fig.  K.  This  Inftrument,  called  a  Pemograpb,  as  ferving  to   copy  any  manner   of  Defigns,  is  com- 

pofed  of  four  Brafs,  or  very  hard  Wooden  Rulers,  very  equal  in  Breadth  and  Thicknefs  ;  two 
of  them  being  from  i)  to  18  Inches  in  Length,  anu  the  other  two  but  half  of  their  Length, 
and  their  Thicknefs  isufually  z  or  3  Lines,  and  Breadth  5  or  6. 

The  Exactnefs  of  this  Inftrument  very  much  depends  upon  having  the  Holes  made  at  the 
Ends,  and  in  the  middle  of  the  longeft  Rulers,  at  an  equal  Diftance  from'  the  Holes  at  the 
Ends  of  the  fhorteft  Rulers;  for  this  reafon,  that  feeing  put  together,  they  may  always  make 
a  Parallelogram  :  and  when  the  Inftrument  is  to  be  ulc,  cuere  are  fix  fmall  Pieces  of  Brafs 
put  on  it. 

The  Piece  1  is  a  little  turned  Brafs  Pillar,  at  one  End  of  which  is  a  Screw  and  Nut,  ferving 
to  join  and  fallen  the  two  long  Rulers  together  ;  and  at  the  other  is  a  little  Knob  for  the  In- 
ftrument to  Hide  upon.  The  Piece  2  is  a  turned-headed  Rivet,  with  a  Screw  and  Nut  at 
the  End  ;  two  of  which  there  muft  bt  for  joining  the  two  Ends  of  the  two  fhort  Rulers  to- 
the  middle  of  the  long  ones,  at  the  Places  2,  2.  The  Piece  3  is  a  Brafs  Pillar,  one  End  of 
it  being  hollowed  into  a  Screw,  having  a  Nut  to  fit  it ;  and  at  the  other  End  is  a  Worm  ta 
fcrew  into  the  Table,  when  the  Inftrument  is  to  be  ufed.  This  Piece  holds  the  two  Ends  of 
the  fhort  Rulers  together,  at  Fig.  3.  Fig.  4.  is  a  Porte-Craion,  or  Pen,  which  may  be 
fcrewed  into  the  Pillar  4,  which  is  fixed  on  at  the  Place  4,  to  the  End  of  the  great  Ruler. 
Laftly,  Fig.  5.  is  a  Brafs  Point,  fomething  blunt,  fcrewed  into  a  Pillar  like  one  of  the  former 
ones,  which  is  fcrewed  on  to  the  End  of  the  other  long  Ruler.  This  Inftrument  being  put 
together,  and  difpofed,  as  per  Figure,  the  next  thing  will  be  to  fhew  its  Ufe. 

Now  when  a  Defign,  of  the  fame  Bignefs  as  the  Original,  is  to  be  copied,  the  Inftru- 
ment muft  be  difpofed,  as  in  Figure  K  ;  that  is,  you  muft  fcrew  the  Worm  into  the  Table  at 
the  Place  3,  and  lay  the  Paper  under  the  Pencil  4,  and  the  Defign  under  the  Point  5  ;  then 
there  is  no  more  to  do  but  move  the  Point  5  over  every  part  of  the  Defign  5,  and  at  the  fame 
time  the  Pencil,  at  Figure  4,  will  mark  the  faid  Defign  upon  your  Paper.  But  if  the  De- 
fign is  to  be  reduced,  or  made  lefs  by  half,  the  Worm  muft  be  placed  at  one  End  of  the  long 
Ruler,  the  Paper  and  the  Pencil  in  the  middle,  and  then  you  muft  make  the  Brafs  Point  pafs 
over  all  the  Tracts  of  the  Defign,  and  the  Pencil  at  the  fame  time  will  alfo  have  defcribed 
all  thofe  Trafts  ;  but  they  will  be  of  but  half  the  Length  of  the  Traces  of  the  Defign  :  for 
this  reafon  j  becaufe  the  Pencil,  placed  in  the  manner  aforef' Id,  moves  but  half  the  Length, 
in  the  fame  time,  as  the  Brafs  Point  does.  And,  for  the  contrary  Reafon,  if  a  Defign  is  to 
be  augmented,  for  Example,  twice  the  Original,  the  Brafs  Point  and  the  Defign  muft  be 
placed  in  the  middle,  at  Figure  3,  the  Pencil  and  Paper  at  the  End  of  one  of  the  long  Ru- 
lers, and  the  Worm  at  the  End  of  the  other  long  Ruler;  by  this  means  a  Defign  twice  the 
Original  may  be  drawn. 

But  to  augment  or  diminifh  Defigns  in  other  Proportions,  there  are  drilled  Holes  at  equal 
Diftances  upon  each  Ruler,  viz,,  all  along  the  fhort  ones,  and  half-way  the  great  ones,  in  or- 
der to  place  the  Pieces  carrying  the  Brafs-Point,  the  Pencil,  and  the  Worm  in  a  right  Line  in 
them  ;  that  is,  if  the  Piece  carrying  the  Brafs  Point  be  put  into  the  third  Hole,  the  two  other 
Pieces  muft  be  likewife  each  put  into  the  third  Hole. 

Note,  If  the  Point  and  the  Defign  be  placed  at  any  one  of  the  Holes  of  one  of  thefe  great 
Rulers,  and  the  Pencil  with  the  Paper  under  one  of  the  Holes  of  the  fhort  Ruler,  which 
forms  the  Angle,  and  joins  to  the  middle  of  the  faid  long  Ruler,  that  then  the  Copy  will  be 
lefs  than  half  the  Original ;  But  if  the  Pencil  and  Paper  be  placed  under  one  of  the  Holes 
of  that  fhort  Ruler,  which  is  parallel  to  the  long  Ruler,  then  the  Copy  will  be  greater  than 
half  the  Original.  In  a  word,  all  thefe  different  Proportions  will  be  eafily  found  by  Expe- 
rience. 

ConflruHion  of  Sizes  :  To  know  the  Weight  of  Pearls. 
Fig.  M.  This  little  Inftrument,  whofe  Ufe  is  to  find  the  Weight  of  very  fine  and  round  Pearls,  is 

made  of  five  thin  Pieces,  or  Leaves,  of  Brafs,  or  other  Metal,  about  two  Inches  long,  and 
fix  or  feven  Lines  broad.  The  faid  Leaves  have  feveral  round  Holes  drilled  in  them  of  diffe- 
rent Diameters  ;  the  Holes  in  the  firft  Leaf  ferve  for  weighing  Pearls  from  half  a  Grain  to 
7  Grains  ;  thofe  in  the  fecond  Leaf  are  for  Pearls  from  8  Grains,  which  is  2  Carats,  to  5  Ca- 
rats ;  thofe  in  the  third  for  Pearls  weighing  from  2  \  Carats  to  5  |  Carats  ;  the  fourth  for 
Pearls  weighing  from  6  Carats  to  8  ;  and  the  fifth  for  Pearls  weighing  from  6  ~  Carats  to  %\. 
Now  the  Diameters  of  the  greateft  and  leaft  Holes  of  each  Leaf  being  found,  by  weighing 
of  Pearls  in  nice  fine  Scales,  the  Diameters  of  all  the  other  Holes  from  thence,  by  proportion, 
may  be  found- 

The  Hole,  fhewing  the  Weight  of  a  Pearl  of  one  Grain,  is  2  }  Lines  in  Diameter  ;  that 
fhowing  the  Weight  of  a  Pearl  of  2  Carats,  is  2  \  Lines  ;  that  fhowing  the  Weight  of  a 
Pearl  of  5  Carats,  is  4  Lines  ;  that  fhewing  2  f  Carats,  is  2  \  ;  that  of  5  \  Carats,  is  4  £ 
Lines;  that  of  6  Carats,  is  4  \  Lines  ;  that  of  8  Carats,  is  4^'  Lines;  and,  Laftly,  the  Dia- 
meter of  that  Hole  for  Pearls  weighing  8  \  Carats,  is  4  *  Lines. 

The 


Plate  IK . 


frrmfr/w  /Jaats  86 . 


Chap.2.  of  divers  Mathematical  Inftrument  s.  87 

The  Leaves  are  faftened  together  at  one  End  by  a  Rivet,  about  which  they  are  moveable, 
and  included  between  two  thin  Pieces  of  Brafs,  ferving  as  a  Cafe  for  them. 

Jewellers  likewife  ufe  little  Scales,  and  very  fmall  Weights,  which  they  call  Carats,  to 
weigh  Diamonds,  and  other  precious  Stones,  as  alfo  Pearls  that  be  not  round.  A  Carat  is  4 
Grains,  and  is  divided  into  ',  j-,  I,  and  '  of  a  Carat :  the  word  Carat  is  alio  ufed  for  the  De- 
grees of  Perfe&ion  of  Gold  ;  as  a  Carat  of  fine  Gold  is  the  24th  part  of  an  Ounce  of  pure 
Gold,  which  is  fo  fart,  that  it  cannot  be  worked  ;  for  which  reafon  the  Goldfmiths  of  Pa- 
ris ufe  Gold  of  22  Carats,  that  is,  22  Parts  of  fine  Gold,  and  two  Parts  of  Brafs  ;  by  which 
Mixture  it  is  rendered  harder  and  fitter  to  work. 

Of  the  Fixed  Square. 

This  Inflrument  is  called  a  Fixed  Square,  becaufe  its  Sides  do  not  open  or   fhut  ;    all  its  Ficr.  t, 
Exa&nefs  confifts  in  being  very  ftrait,  and  that  both  the  inward  and  outward   Faces  of  the 
two  Sides  be  at  right  Angles  ;  which  that  they  may  be,  it  is   neceffary   for  them   to  be  pa- 
rallel to  each  other. 

The  Figure  N  is  another  Square,  which  opens  or  fhuts.  Thefe  Squares  principal  Ufes  are 
to  know  whether  any  Line  or  Plane  be  at  right  Angles  to  another. 

Of  the  Foot-Level. 
This  Inflrument  is  compofed  of  two  Branches  of  Brafs,  or   other  Matter,    about  half  an  Fig.  O. 
Inch  broad,  and  opens  and  fhuts  like  a  Two-foot  Rule  ;  half-way  the  Infide  of  both   thefe 
Branches  are  hollowed  in,  to  receive  a  kind  of  Tongue,  or  thin  Piece   of  Brafs  (which    is 
faftened  to  one  of  the  Branches)  that  fo  the  two  Branches  may  be  fhut  clofe  together.     The 
Ufe  of  this  Tongue  is  fuch,  that  when  the  End  of  it  is  placed  in  the  Branch  it  is  not  faftened 
to,  where  there  is  a  Pin  that  holds  it,  the  two  Branches  of  the  Level  will  be  fixed    at  right 
Angles,  as  per  Figure.     There  is  likewife  a  thin  fquare  Piece  of  Brafs  adjufted  to  the  Head 
of  this  Inftrument,  that  fo  it  may  ferve  for  a  Square,  and  at  the  Bottom  of  the  Angl<?  of  the 
faid  Piece  of  Brafs  is  a  little  Hole  made,  in  which  is  faftened  a   Silken  Line,  with  a  Plummet 
at  the  End  thereof ;  which  falling  upon  a   perpendicular  Line,  drawn  on   the  middle  of  the 
Tongue,  fhews  whether  any  thing  the  Inftrument  is  applied  to  be  level  or  not.     Note,   The 
inward  Angles  of  the  Branches  are  cut  away,  that  fothe  Inftrument  may  better  ftand  upon 
a  Plane  to  be  levelled.     Note  alfo,  that  this  Inftrument  ferves  for  a  Level,    a  Square,  and  a        — 
Foot-Rule. 

r  Of  the  Paris  Foot-Rule,  and  the  Comparifon  of  its  Length  with  that  of  other  Country s. 

The  Conftru&ion  of  the  Body  of  this  Inftrument  does  not  differ  from  that  of  the  Sector  be-  Fig.  p, 
fore  fpoken  of ;  and  when  the  Paris  Foot  is  only  put  thereon,  each  Leg  is  but  about  five  Lines 
in  Breadth  ;  but  when  the  Foot  of  other  Countrys,   compared  with  the  Paris  Foot,    is  put 
thereon,  it  is  made  broader.     I  fhall  here  lay  down  the  Comparifon  between  the  Foot  of  moft 
chief  Towns  in  Europe,  compared  with  that  of  Paris. 

A  Point  is  r-r  of  an  ordinary  Grain  of  Barley ;  a  Line  is  1 2  Points,  or  the  Thicknefs  of 
one  Grain  of  Barley  ;  an  Inch  is  12  Lines,  and  a  Foot  is  12  Inches.  The  Foot  Royal  of  Pa- 
ris is  12  of  the  aforefaid  Inches,  butfometimes  it  is  divided  into  720,  or  1440  equal  Parts, 
for  better  exprefling  its  Relations  to  the  Meafures  of  other  Countries.  The  Foot  of  Lyons 
and  Grenoble  is  fomething  bigger  than  that  of  Paris ;  for  it  contains  12  Inches,  7  Lines.  The 
Foot  of  Dijon  is  leffer,  and  contains  but  n  Inches,  7  Lines;  that  of  Befanpn  11  Inches., 
5  Lines  >  that  of  Mafon  12  Inches,  4  Lines  j  and  the  Foot  of  Rouen  is  equal  to  that  of  Paris. 

Inches.  Lines. 

A  Foot  of  Sedan  is  12  : :  • 5 

A  Foot  of  Lorain    10  •  9 

A  Foot  of  Brujfels  10  ■■■  • —       9 

AFootofAmfterdam  10         '  • -  ■  ■■     5 

A  Foot  of  theRhine  1 1  -  ■■■  ■  —  7 

A  Foot  of  London    1 1  —  5 

A  Foot  of  Daw&ick  10  — -  — —         7 

A  Foot  of  Sweden   1 2  1 

A  Foot  of  Denmark  1  o  ■   ■     r  "    9 

A  Foot  of  Rome     10  10 

A  Foot  of  Bologne    14  -     -        _  — — .      1 

A  Foot  of  Venice      1 1  —  II. 

The  great  Foot  of  Milan  is  1  Foot,  10  Inches. 

And  the  fmall  one,  1  Foot,  2  Inches,  8  Lines. 

A  Foot  of  Turin  is  1  Foot,  6  Inches,  1 1  Lines, 

A  Foot  of  Savoy  10  Inches. 

A  Foot  of  Geneva  is  18  Inches. 

A  Foot  of  Vienna  is  1 1  Inches,  8  Lines. 

A  Foot  of  Conftantinople  is  2  Feet,  2  Inches,  2  Lines. 
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Some  other  Meafures  compared  'with  the  Paris  Foot. 

A  Roman  Palme  is  8  Inches,  2  Lines  ;  that  of  Genoa  is  9  Inches,  1  Line ;  that  of  Naples  is 
9  Inches,  9  Lines ;  and  that  of  Portugal,  is  8  Inches,  2  Lines. 

A  Pan,  which  is  a  Mealure  ufed  in  many  Places  of  Italy,  is  8  or  9  Inches. 

The  Ell  of  Paris,  is  3  Feet  8  Inches ;  that  of  Provence,  Montpelier,  and  Avignon,  is  *  of 
that  of  Paris,  and  the  Ell  of  Flanders  and  Germany,  is  ^  of  that  of  Paris. 

The  Fathom  of  Milan,  ufed  by  Mercers,  is  1  Foot,  7  Inches,  4  Lines  ;  and  that  of  Linen- 
Drapers,  is  2  Foot,  1 1  Inches. 

A  Fathom  of  Florence,  is  1  Foot,  9  Inches,  6  Lines. 

The  Ras  of  Piemont,  and  Lucque,  is  22  Inches. 

The  Yard  of  Seville,  is  30  Inches,  11  Lines. 

The  Varre  of  Madrid  and  Portugal,  is  3  Foot,  9  Lines. 

The  Varre  of  Spain  in  general,  is  5  Foot,  5  Inches,  6  Lines. 

The  Cane  oiFouloufe,  is  of  the  fame  Length.  rV  f^H; 

The  Cane  of  Rome,  is  <5  Feet,  1 1  Inches,  7  Lines. 

The  Cane  of  Naples,  is  6  Feet,  10  Inches,  2  Lines. 

The  Pic  of  Conftantinople,  is  2  Foot,  2  Inches,  2  Lines. 

The  Geufe  of  India  and  P<?r/fo,  is  2  Foot,  10  Inches,  1 1  Lines. 

Conflru&ion  of  Parallel  Rules. 

Fjg.  R.  Thefe  Instruments  are  commonly  made  ofBrafs,  or  hard  Wood,  from  6  to  18  Inches  in 

Length,  and  about  two  Lines  in  Thicknefs  :  the  two  parallel  Pieces  ought  to  be  very  ftraight 
every  way,  and  parallel,  that  is,  very  equal  in  Breadth  from  one  End  to  the  other ;  for  this 
is  the  chief  thing  upon  which  the  Exactnefs  of  thefe  Inftruments  depends. 

The  two  parallel  Pieces  of  this  Inftrument  are  joined  together  by  two  Brafs  Blades,  from 
about  2  to  3  v  Inches  long,  and  6  Lines  broad,  filed  and  fafhion'd,  as  per  Figure,  near  the 
Ends  of  which  are  round  Holes  very  equally  drill'd  thro  them,  which  ought  to  be  done  by 
laying  them  one  upon  the  other.  Then  the  parallel  Pieces  mull  be  divided  Length-wife  into 
two  equal  Parts,  and  afterwards  one  of  the  Halves  of  each  into  3  equal  Parts,  and  at  the  firft  of 
thefe  Parts  from  the  middle,  a  Hole  muft  be  made  in  each  parallel  Piece,  in  the  middle  of 
their  Breadth,  in  which  muft  be  placed  two  turned-headed  Rivets,  for  joining  one  End  of 
each  Blade  to  the  faid  parallel  Piece.  Likewife,  near,  and  equally  diftant  from  the  two  op- 
polite  Ends  of  each  Piece,  muft  two  more  Holes  be  made,  in  which  muft  be  put  two  more 
Rivets,  for  joining  the  other  two  Ends  of  the  two  Blades,  to  the  parallel  Pieces.  The  Pieces 
being  thus  joined,  if  you  move  them  backwards  and  forwards,  to  the  right  hand  and  the  left, 
and  the  inward  Edges  of  the  faid  Pieces  do  exactly  meet  each  other,  it  is  a  fign  the  Rule 
is  well  made. 

Fig.  (^  The  Figure  Q^,  is  another  kind  of  parallel  Rule,  the  two  parallel  Pieces  of  which,  are 

joined  together  by  two  others  fomething  fhorter,  which  are  joined  to  each  other  in  the 
Middle,  and  make  a  kind  of  Crofs,  which  opening  or  fhutting,  caufe  the  two  parallel  Pieces 
to  recede  parallelly  from,  or  accede  to  each  other.  In  the  middle  of  each  parallel  Piece  of 
both  thefe  Inftruments,  is  fixed  a  Brafs  Button,  for  more  eafier  managing  them. 

The  principal  Ufe  of  thefe  Inftruments,  is  to  draw  parallel  Lines,  by  opening  or  fhutting 
the  parallel  Pieces,  and  are  of  excellent  Ufe  in  Architecture  and  Fortification,  wherein  a  great 
Number  of  parallel  Lines  are  to  be  drawn. 

Conjlru&ion  of  the  Pedometer  or  iVaywifer. 
Fig.  S  This  Inftrument  is  about  two  Inches  in  Diameter,  commonly  about  7  Lines  in  Thicknefs, 

and  hath  all  its  Parts  joined  together  in  a  Cafe,  almoft  like  that  of  a  Watch. 

The  Plate  T,  is  placed  in  the  Bottom  of  the  Cafe,  upon  which  are  faftened  feveral  Pieces, 
as  they  appear  per  Figure.  The  Piece  1,  is  a  little  Steel  Catch  with  its  two  Springs  ',  this 
Catch  is  held  by  a  round  Tenon  going  into  a  Hole  in  the  faid  Plate,  fo  that  by  pulling 
the  Piece  F,  which  is  faftened  to  one  End  of  the  Catch,  the  faid  Catch  turns  round  the  Steel 
Star  2,  having  6  Points,  and  carrying  a  Pinion  of  Six  Teeth  of  the  fame  Height  as  the  two 
Wheels,  of  wiiich  we  are  going  to  fpeak.  The  Spring  4,  is  for  hindering  the  Star  from  go- 
ing back ;  and  that  marked  5,  is  to  lift  up  the  End  of  the  Catch,  when  it  hath  made  the  Star 
move  one  Point  forwards. 

The  Plate  V  is  like  the  Plate  T,  only  it  hath  upon  it  two  equal  Wheels  placed  on  each, 
other  j  the  upper  Wheel  hath  100  Teeth,  and  the  under  one  10 1,  which  are  both  put  in 
Motion  by  the  Pinion  upon  the  Star ;  fo  that  when  the  upper  Wheel  hath  gone  round  once, 
and  run  100  equal  Parts,  with  its  Hand  upon  the  greater  Dial-Plate  S;  the  Wheel  which 
hath  10:  Teeth,  wants  one  of  going  round,  and  makes  the  leffer  Hand  move  the  rs^  Part  of 
the  Circumference  of  the  leifer  Dial-Plate  the  contrary  way  ;  whence  the  greater  Hand  muft 
go  nurd  100  times,  before  the  little  Hand  hath  gone  round  once  the  contrary  way;  and 
coniVquently,  the  Piece  F  muft  be  pull'd  10000  times,  before  the  little  Hand  will  go  round 
once :  there  are  3  Tenons  fixed  to  the  under  Plate,  by  means  of  which,  the  upper  Plate  is 
fail*3,  led  to  it  with  little  Pins. 

The 
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The  whole  Machine  is  inclofed  in  its  Cafe,  cover'd  with  a  Glafs,  and  having  on  one  Side 
of  it  two  Rings,  thro  which  a  String  is  put  for  hanging  the  Inftrument  to  any  thing  ;  and  at 
the  other  Side  of  the  Cafe,  is  an  Opening  left  for  the  Piece  F  to  come  out  thro,  which  Piece 
receives  a  String  fattened  to  one's  Garter. 

The  Ufe  of  this  Inftrument  is  fuch,  that  being  hung  to  a  Perfon's  Belt,  at  each  Tenfion 
of  the  Knee,  that  is,  every  time  he  fteps  forwards,  the  String  pulls  the  Piece  F,  and  this  the 
Catch,  which  caufes  the  greater  Hand  to  move  one  Divifion  forwards.  When  any  Perfon 
hath  a  mind  to  know  how  many  Paces  he  hath  moved,  he  muft  look  upon  the  Dial-Plate,  and 
that  will  inform  him.  Note,  A  Pace  is  nearly  2  Foot,  and  a  Perfon  in  walking  may  fo  ac- 
cuftom  himfelf,  as  to  take  his  Steps  of  that  Length  ;  but  when  Ground  is  not  level,  Paces  are 
not  equal,  for  in  defcending  they  are  longer,  and  in  afcending  fhorter,  which  muft  be  regar- 
ded, and  corrected  by  Experience. 

There  are  alfo  thefe  kinds  of  Inftruments  made,  and  fitted  to  Wheels  of  known  Circum- 
ferences ;  for  Example,  a  Fathom  round :  fo  that  every  time  the  Wheel  comes  to  a  certain 
Point,  where  there  is  a  Tenon  which  pulls  the  Piece  F,  the  Catch  caufes  the  larger  Hand  to 
move  one  Divifion  forwards ;  and  by  this  means  you  may  know  how  many  Fathom  you  have 
gone. 

Pedometers  are  likewife  adjufted  behind  Coaches,  fo  that  when  one  of  the  great  Wheels  of  a 
Coach  comes  to  a  certain  Point,  it  caufes  the  Catch  to  move  the  Hand  one  Divifion  forwards;, 
fo  that  in  knowing  the  Circumference  of  the  faid  Wheel,  the  Length  the  Coach  hath  moved 
may  be  known. 

Note j  '  Theleffer  Dial-Plate  muft  be  carry 'd  round  by  the  upper  Wheel  of  100  Teeth,  or 

*  elfe  it  will  not  at  any  time  be  eafy  to  tell,  how  many  Paces  you  have  gone  by  the  faid  leller 

*  Plate,  but  muft  ftay  till  the  Hand  of  the  greater  Plate  hath  made  one  Revolution.' 

'The  ConfiruSiion  of  a  Machine  for  cutting  and  dividing  the  Wlieelsy  and  Pinions  of  Clocks 

or  Watches. 
The  Machine  A,  is  for  cutting  and  dividing  the  Wheels  and  Pinions  of  Clocks  and  Watches, 
and  is  very  commodious,  and  extremely  fliortens  the  Time  of  doing  them. 

The  Plate  A  is  made  of  Erafs,  very  even,about  8  Inches  Diameter,  and  one  Line  in  Thick-  Figs  iji 
nefs,  having  feveral  Concentrick  Circles  drawn  upon  it,  whofe  Peripherys  are  divided  into 
feveral  even  or  uneven  Numbers  of  equal  Parts,  the  greater  of  which  are  always  more  diftant 
from  the  Center. 

As  for  Example ;  to  divide  the  Periphery  of  one  of  the  Circles  into  120  equal  Parts,  you 
muft  firft  divide  the  faid  Periphery  into  2  equal  Parts,  each  of  which  will  be  60,  which  again 
fubdivide  by  2,  and  each  Part  will  be  30;  which  again  divided  by  2,  and  each  Part  will  be 
15,  which  being  divided  by  3,  produces  5.  Laftly,  dividing  each  of  thefe  laft  Parts  by  ja 
the  whole  Periphery  will  be  found  divided  in  120  equal  Parts. 

But  if  one  of  the  Circles  is  to  be  divided  into  an  odd  Number  of  equal  Parts,  for  Example, 
into  81,  you  muft  firft  divide  it  into  3  equal  Parts,  each  of  which  will  be  27,  which  being 
divided  by  3,  will  produce  9  ;  each  of  which  being  divided  by  3,  will  produce  3  ;  each  of 
which  being  again  divided  by  3,  will  produce  1 :  wherefore  the  Periphery  of  the  Circle  will 
be  divided  into  81  equal  Parts. 

The  like  may  be  done  for  any  other  Number,  in  taking  the  moft  proper  aliquot  Parts  there* 
of,  to  make  a  propofed  Divifion. 

The  Circles  of  the  Plate  being  divided,  there  ought  to  be  made,  at  every  Divifion,  fmall 
round  Holes,  with  a  fine  Steel  Point. 

Now  when  a  Clock  Wheel  is  to  be  fimply  divided  by  means  of  thefe  Concentrick  Circles,  in 
order  to  cut  it  with  the  Hand,  the  faid  Wheel  muft  be  placed  upon  the  Arbre  in  the  Center 
of  the  Plate,  and  having  fixed  it  faft,  you  muft  divide  it  with  a  fine  Steel  Ruler,  one  End  of 
it  being  placed  in  the  Center :  then  by  moving  the  faid  Ruler  round  from  Divifion  to  Divifion, 
upon  the  Circumference  of  one  of  the  Concentrick  Circles,  anfwerable  to  the  Number  ot 
Teeth  the  Wheel  is  to  have,  the  Wheel  may  be  divided ;  which  being  done,  the  Teeth 
muft  be  made  with  a  very  fine  File,  obferving  to  leave  as  much  Space  between  them,  as  you 
file  away. 

But  when  this  Machine  is  ufed  to  very  expeditioufly  cut  Clock  Wheels,  it  is  compofed  in 
the  following  Manner. 

Fig.  1.  reprefents  the  Plan  of  the  whole  Machine  put  together,  and  fit  for  Ufe. 
The  Piece  1,  is  a  Steel  Saw- Wheel,  the  Breadth  of  the  Interval  between  the  Teeth  of  a 
Wheel  to  be  cut  by  it :  this  Saw- Wheel  is  placed  upon  a  fquare  Arbre,  as  likewife  a  little 
Pully,  to  turn  it  between  two  Steel  Points.  The  Place  2,  is  the  Porte-Touret,  having  a 
Motion  at  the  two  Ends  thereof,  like  the  Head  of  a  Pair  of  Compares,  that  fo  the  file 
Wheel  may  be  raifed,  or  lower Jd,  at  pleafure. 

At  the  Place  1,  of  Figure  2,  is  the  Saw-Wheel  put  upon  its  Arbre,  as  likewife  the  Pully 
between  the  two  Steel  Points,  that  are  fattened  by  2  headed-Screws  7,  7.  The  two  Ends  of 
the  Porte-Touret,  are  reprefented  by  2,  2.  The  Screws  o,  o,  are  for  fixing  the  Part  of  the 
Machine  carrying  the  Saw-Wheel,  upon  the  Square  Iron  Ruler  3,  which  is  put  thro  a  fquare 
Hole,  between  the  Screws  o,  o.     There  are  two  of  the  faid  Iron  Rulers,  that  is,  there  is  one 
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alx.ve  tlie  circular  Brafs  Place,  and  another  underneath  it,  both  of  them  being  of  a  convenient 
Bignefs,  and  are  io  faitened  together  at  the  Ends  by  ftrong  Screws,  that  there  is  room 
enougii  left  between  them  for  the  circular  Brafs  Plate,  and  alio  for  the  Touret,  or  Frame, 
and  a  kind  of  Spring,  which  carries  the  Point  (of  which  we  fhall  fpeak  prefently)  to  Aide 
freely  along  the  fquare  Iron  Ruler  3. 

Figure  3,  repreients  the  Side-Draught  of  the  whole  Machine  put  together,  whereof  the 
Piece  1,  is  the  Touret,  or  Frame,  placed  near  the  Wheel  to  be  cut,  which  is  reprefented  by 
Number  6  :  this  Wiieel  is  placed  in  the  Center  of  the  Brafs  Plate,  and  is  faftened  by  the  Arbre 
Screw.  The  Piece  3,  is  the  Iron  Ruler  along  which  the  Touret  of  Figure  2  Aides,  as  alfo 
the  Spring  carrying  the  Point  4  :  and  Number  5  is  a  Piece  of  Iron,  by  means  of  which  the 
Machine  may  be  tallened  in  a  Vice,  when  it  is  to  be  ufed. 

Figure  4,  is  a  very  fine  and  well-tempered  Steel  Point,  fcrew'd  into  the  End  of  a  kind  of 
Spring,  having  a  circular  Motion,  that  thereby  the  faid  Steel  Point  may  be  put  into  any  of 
the  Holes  of  the  Circumferences  of  either  of  the  concentrick  Circles  upon  the  Plate.  There 
is  likewife  another  Piece  joined  to  the  Spring,  in  order  to  keep,  by  means  of  a  Screw,  the 
Point  upon  any  propofed  Divifion  of  the  Circumference  of  any  of  the  concentrick  Circles^ 
v  bile  one  Tooth  of  a  Wheel  is  fawing. 

Lafily,  Figure  5,  is  the  Arbre  placed  in  the  Center  of  the  Machine,  and  upon  which  is  put 
the  Wheels  to  be  cut,  which  are  firmly  fixed  thereon,  by  means  of  Screws  at  the  Top  and 
Bottom.  There  are  commonly  feveral  Arbres  of  different  BignefTes,  in  proportion  to  the 
Holes  in  the  Centers  of  Wheels  to  be  cut. 

The  Ufe  of  this  Machine  is  eafy,  for  you  have  no  more  to  do  but  fix  a  Wheel  to  be  cut 
into  Teeth,  in  the  Center,  (at  Number  6)  and  then  fit  the  Spring  (reprefented  by  Fig.  4.)  fo 
that  its  Point  may  exa&ly  fall  upon  the  Divifions  of  that  concentrick  Circle,  which  is  divi- 
ded into  the  fame  Number  of  equal  Parts  you  defign  your  Wheel  to  have  Teeth ;  and  then 
you  muff  move  the  Touret,  with  its  Saw-Wheel,  to  cut  the  Wheel,  by  means  of  a  Male- 
Screw  (one  End  of  which  goes  into  a  round  Hole  8,  in  the  Bottom  of  the  Touret,  and  is 
there  faitened  with  a  Pin)  and  a  Female- Screw  to  fit  it,  at  the  End  of  the  Iron  Ruler,  denoted 
by  Number  5  ;  fo  that  by  turning  the  faid  Male-Screw,  the  Touret  may  be  moved  back- 
wards and  forwards  at  pleafure.  The  Saw-Wheel  being  thus  placed,  you  muft  turn  it  4  or 
5  times  about,  by  means  of  a  Bow,  whofe  String  is  put  about  the  Pully,  and  then  one  Side 
of  a  Tooth  will  be  cut ;  and  having  moved  the  Steel  Point  4,  to  the  next  Divifion  in  the  Cir- 
cumference of  that  concentrick  Circle  upon  the  Plate,  whofe  Divifions  are  the  fame  in  Num- 
ber you  defign  your  Wheel  to  have  Teeth,  give  4  or  5  Strokes  with  the  Bow,  and  the  other 
Side  of  the  Tooth  will  be  cut :  and  in  this  manner  may  all  the  Teeth  be  cut ;  Pinions  are 
alfo  thus  cut. 

Note,  There  are  Saw-Wheels  of  divers  Thickneffes,  conformable  to  the  Space  there  ought 
to  be  left  between  the  Teeth  of  different  Wheels. 

The  Conflruclicn  of  Armour  for  Load-Stones,  as  alfo  how  to  cut  the  faid  Stones,  in  order  to 

arm  them. 

The  Figures  6,  7,  veprefent  two  armed  Load-Stones ;  the  firft  in  the  Form  of  a  Parallelo- 
pipedon,  and  the  fecond  in  the  Form  of  a  Sphere  :  But  before  we  fhew  the  belt  way  of  arm- 
ing them,  we  will  enumerate  fome  of  the  Properties  and  Virtues  of  Load-Stones. 

The  Load-Stone  is  a  very  hard  and  heavy  Stone,  found  in  Iron  Mines,  and  is  almoft  the 
Colour  of  Iron,  for  which  reafon  it  is  reckoned  among'the  Metallick  Kind  :  it  hath  two  won- 
derful Properties,  one  whereof  is  to  attract  Iron,  and  the  other  to  direct  itfelf  towards  the 
Poles  of  the  World. 

The  Load-Stone  attracts  Iron,  and  reciprocally  Iron  attracts  the  Load-Stone,  notwithstand- 
ing any  other  Body's  Interpofition  between  them.  This  Stone  likewife  communicates  to  Iron 
a  Faculty  of  attracting  Iron :  For  Example,  an  Iron  Ring  that  hath  been  touch'd  with  a  good 
Load-Stone,  will  lift  up  another  Iron  Ring  by  only  touching  it,  and  this  fecond  a  third,. &c 
but  the  firft  Ring  muft  have  a  greater  Degree  of  Attraction,  than  the  fecond,  and  the  fecond 
than  the  third,  &c. 

The  Blade  of  a  Knife  that  hath  been  touch'd  with  a  Load-Stone,  will  likewife  lift  up 
Needles,  and  fmall  Pieces  of  Iron  :  alfo  feveral  Sewing-Needles  being  laid  upon  a  Table  in 
a  Row,  and  a  Load-Stone  being  brought  near  the  firft,  by  which  receiving  the  Magnetick 
Virtue,  the  faid  firft  Needle  will  attract  the  fecond,  the  fecond  the  third,  &c.  till  they  all 
come  together. 

That  Iron  reciprocally  attracts  the  Load-Stone,  when  it  can  move  freely,  may  be  thus 
fhewn  :  For  if  you  put  a  Load-Stone  into  a  hollow  Piece  of  Cork,  and  fet  it  floating  upon 
the  Surface  of  a  Bafon  of  Water,  and  bring  a  Piece  of  Iron  at  a  convenient  Diftance  to  it, 
the  Piece  of  Cork,  together  with  the  Stone,  will  accede  to  the  Iron. 

That  Property  of  the  Load-Stone  which  is  always  to  refpect  the  Poles  of  the  World,  may 
be  fhewn  by  the  following  Experiment :  For  having  put  a  Load-Stone  into  a  hollow  Piece  of 
Cork,  and  let  them  both  a  floating  upon  the  Surface  of  ftill  Water,  (there  being  no  Iron,  or 
other  Obftable  near)  the  Load-Stone  will  always  fo  difpofe  itfelf,  that  one  certain  Point  there- 
of will  regard  the  North,  and  the  oppofite  Point  the  South. 

But 
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But  you  muft  note,  that  the  Load-Stone  doth  not  exa&Iy  refped  the  North,  it  having  at 
different  Times,  and  in  different  Places  of  the  Earth's  Superficies,  different  Declinations,  or 
Variations  therefrom,  and  at  this  time  at  Paris,  varies  12  Deg.  15  Min.  Weft  wards  :  fo  that 
the  South  Pole  of  the  Load-Stone  varies  above  12  Degrees  from  that  of  the  World,  and  its 
Oppofite  fo  likewife.  The  Poles  of  a  Load-Stone,  are  thofe  two  Places  thereof,  that  refpec~t 
the  two  Magnetick  Poles  of  the  World  ;  and  the  principal  Axis,  is  a  right  Line  drawn  from 
one  Pole  to  the  other,  about  which,  the  greateft  Force  of  the  Load-Stone  manifefts  itfelf, 
and  at  the  two  Poles  is  greateft.  Spherical  Load-Stones  have  alfo  fifted  Equators,  and  Me- 
ridians, &c.  from  whence  they  are  called  Magnetick  Spheres. 

Now,  in  order  to  find  the  Poles  of  a  Load-Stone,  you  muft  cut  a  Hole  in  a  Card  of  the 
Figure  of  the  Stone,  in  which  the  Stone  muft  be  put,  fo  that  its  principal  Axis  may  be 
found  in  the  Plane  of  the  Card.  This  being  done,  Iron  or  Steel  Filings  muft  be  ftrew'd 
upon  it :  after  which  ftrike  the  Card  foftly  with  a  little  Stick,  fo  that  by  putting  the 
Filings  in  Motion,  the  Magnetick  Matter  may  let  them  take  a  Circuit  conformable  to  the 
way  which  that  Matter  takes  in  moving  from  a  North  Pore  to  another  South  one,  and  you 
will  perceive  the  Filings  ranged  in  the  Figure  of  feveral  Semi-Circumferences,  whofe  oppofite 
Ends  are  the  Poles  of  the  Load-Stone. 

The  Poles  of  a  Load-Stone  may  otherwife  be  found,  in  plunging  it  into  Iron  or  Steel  Fi- 
lings, or  into  very  little  Bits  of  Steel  Wire ;  for  then  they  will  make  different  Configurations 
round  the  Stone,  fome  of  them  lying  flat  on  it,  others  half  bent ;  and  finally,  others  quite 
upright  on  it :  and  thofe  Places  of  the  Stone  where  the  little  Bits  of  Steel  are  perpendicular 
to  it,  are  the  Poles  ;  and  where  they  lie  along,  is  the  Equator. 

Having  thus  found  the  Poles  of  a  Load-Stone  ;  which  is  the  North  or  South  Pole,  may  be 
known  in  laying  the  Stone  in  a  hollow  Piece  of  Cork,  fwimming  on  Water,  or  by  fufpending 
it  with  a  Thread,  fo  that  its  Axis  be  parallel  to  the  Horizon  ;  for  then  that  Pole  of  the  Stone 
turning  towards  the  North  Pole  of  the  World,  will  be  the  South  Pole  of  the  Stone,  and  the 
oppofite  Point  the  North  Pole. 

The  Poles  of  a  Load-Stone  may  likewife  be  found   by  means  of  a  Compafs  ;  for   bring- 
ing a  touch M  Needle  to  the  Stone,  the  End  that  was  touch'd,  will  immediately  turn  towards 
that  Pole  of  the  Stone  agreeing  therewith,  and  the  other  End  of  the  Needle  will  likewife, 
turn  towards  the  other  Pole  of  the  Stone.  * 

The  Poles  of  the  Stone  being  found,  the  next  thing  will  be  to  cut,  and  give  it  a  regular 
Figure,  in  taking  away  the  Superfluities  either  with  a  Saw,  and  Powder  of  Emery,  or  elfe 
with  a  Knife-Grinder's  Grind-flone,  preferving  its  Axis  as  long  as  poffible,  and  giving  a 
like  Figure  to  its  Poles. 

Now  to  make  a  great  many  Experiments,  it  is  neceflfary  to  give  to  a  Load-Stone  the  moll 
regular  Figure  poffible,  which  is  determined  by  the  Likenefs  it  hath  to  that  of  the  irregular 
Mafs  it  is  compofed  of:  the  Cube,  the  Parallelopipedon,  the  Oval,  and  the  Round  are  to 
be  preferred,  on  account  of  having  the  principal  Axis  of  the  Stone  as  long  as  may  be.  If  a 
Load-Stone  is  to  be  made  in  Form  of  a  Sphere,  it  will  not  be  difficult  to  find  its  Poles  and 
Axis  j  you  need  only  figure  it  with  Powder  of  Emery  in  a  round  Iron  Concave,  and  after- 
wards finifh  it  with  find  Sand,  in  a  round  Brafs  Concave. 

A  Load-Stone  in  Figure  of  a  Sphere,  is  very  fit  for  many  Experiments,  and  its  Poles  may 
be  found  in  manner  aforefaid  :  but  it  is  neceffary,  before  any  pains  be  taking  in  cutting  and 
figuring  of  a  Load-Stone,  to  be  affured  of  its  Goodnefs,  in  obferving  whether  it  ftrongly  at- 
tracts Filings,  or  little  Bits  of  Steel ;  and  whether  there  be  not  other  Matter  pafling  thro  its 
Pores,  which  hinders  the  Magnetical  Matter  from  circulating  and  paffing  from  one  Pole  to  the 
other. 

The  Goodnefs  of  a  Load-Stone  confifts  in  two  effential  Things ;  which  are,  firft,  That  it 
be  homogenous,  having  a  great  Number  of  Pores  filled  with  Magnetick  Matter,  which  paf- 
fing thro'them  form  about  the  Stone,  as  it  were,  a  very  extenfive  Whirlwind.  In  the  fecond. 
place,  its  Figure  very  much  contributes  to  its  Force,  (as  we  have  already  faid)  for  it  is  cer- 
tain, that  of  all  Load-Stones  of  a  like  Goodnefs,  that  which  hath  the  beft  Poles,  its  Axis 
longeft,  and  whofe  Poles  meet  exactly  in  the  Extremes,  will  be  moft  vigorous. 

Two  Load-Stones  placed  in  two  hollow  Pieces  of  Cork,  which  are  both  fet  floating  upon 
the  Surface  of  the  Water,  having  their  Poles  of  contrary  Denominations  turned  to  each  other, 
will  acceed  to  each  other  ;  but  if  the  Poles  of  the  fame  Denomination  be  turned  towards 
each  other,  then  the  Load-Stones  will  mutually  recede  from  one  another. 
>  If  a  Load-Stone  be  cut  into  two  Pieces,  parallel  to  its  Axis,  the  Sides  of  the  Pieces 
that  were  together  before  the  Divifion,  will  mutually  recede  from  each  other. 

But  if  a  Load-Stone  be  cut  into  two  Pieces,  according  to  its  Equator,  the  Sides  of  the 
Pieces  that  were  together  before  they  were  cut,  will  be  found  to  have  Poles  of  a  contrary 
Denomination,  and  will  accede  to  each  other. 

A  ftrong  Load-Stone  touching  a  weak  one,  will  attraft  it  with  its  Pole  of  the  fame  De- 
nomination, &c. 
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The  Defription  of  the  Armour,  or  Caping  for  Load-flones. 
Fig.  6.  The  Armour  for  a  Loadflone,  cut  into    the  Form  of  a   right-angled  Parallelopipedon,  is 

compofed  of  two  fquare  Pieces  of  very  fmooth  Iron  or  Steel ;  but  tempered  Steel  is  better 
than  Iron,  becaufe  its  Pores  are  clofer,  and  there  are  a  greater  Number  of  them.  Care  mud 
be  taken,  that  the  Armour  well  encompaffes,  and  exactly  touches  the  Poles  of  the  Loadflone 
and  that  the  Armour  is  in  Thicknefs  proportionable  to  the  Goodnefs  of  the  Stone  :  for  if 
ftrong  Armour  be  put  upon  a  weak  Stone,  it  will  produce  no  Effect,  becaufe  the  magnetick 
Matter  will  not  have  force  enough  to  pafs  thro  it ;  and,  on  the  contrary,  if  the  Armour  of  a" 
ftrong  Stone  be  too  thin,  it  will  not  contain  all  the  magnetick  Matter  it  ought,  and  confe- 
quently  the  Stone  will  not  produce  fo  great  an  Effect,  as  when  the  Armour  is  thicker. 

Now,  to  fit  the  Armour  exactly,  you  mud  file  it  thinner  by  Degrees  ;  and  when  you  find, 
the  Effect  of  the  Stone  to  be  augmented  as  much  as  poflible,  the  Armour  will  be  in  its  juft 
Proportion,  and  will  have  its  convenient  Thicknefs  ;  after  which  it  muff  be  fmoothed  within 
Side,  and  polifhed  without. 

The  Heads  of  the  Armour  (whereon  is  writ  North  and  South')  mull  be  thicker  than  the 
other  Parts,  and  cover  about  \  of  the  Length  of  the  Axis. 

The  Breadth  and  Length  of  the  Armour,  beft  fitting  a  Stone,  may  alfo  be  found  by  filing- 
it  by  little  and  little  j  but,  above  all,  Care  muft  be  taken  that  the 'two  Heads  are  equal  in 
Thicknefs,  and  that  their  Bafes  very  exactly  meet  in  the  fame  Plane.  Number  5  is  a  Brafs  or 
Silver  Girdle  fitted  about  the  Stone,  ferving  to  fallen  and  hold  the  Armour,  by  means  of  two 
Screws  1,1;  and  at  6  and  6  are  two  Screws  fattening  a  round  Brafs  Plate,  carrying  the  Pen- 
dant 4,  and  its  Ring,  to  the  Top  of  the  Armour. 
Fig.  7.  The  Armour  of  a  fpherical  Loadflone  is  compofed  of  two  Steel  Shells,    fattened  to  the 

Piece  8  by  two  Joints  6,  6 ;  of  a  Girdle  5,  5  ;  of  a  Pendant  and  Ring  4  ;  and  of  a  Piece  (or 
Porte-Pvid)  2,  to  hold  the  Hook  3.  Great  Care  muft  be  taken  that  the  Shells  very  exadly 
join  the  Superficies  of  the  Stone,  and  that  they  well  encompafs  the  Poles  of  the  Stone,  and 
cover  the  greateft  part  of  the  Convexity  thereof.  The  convenient  Breadth  and  Thicknefs  of 
this  Armour  may  be  found  by  Trials,  as  before-mentioned. 

It  is  very  wonderful,  that  two  little  Pieces  of  Steel,  compofing  the  Armour  of  a  Loadflone,^ 
fhould  give  it  fuch  a  Property,  that  a  good  Stone,  after  it  is  armed,  will  attract  above  150 
times  more  than  before  it  was  armed. 

There  are  indifferent  good  Stones,  which,  unarmed,  weigh  about  three  Ounces,  and  will 
lift  up  but  half  an  Ounce  of  Iron  ;  but  being  armed,  will  lift  up  more  than  feven  Pounds. 

To  preferve  a  Loadflone,  you  muft  keep  it  in  a  dry  Place  among  little  Bits  of  Steel-Wire  ; 
for  Filings,  which  are  always  full  of  Dull,  make  it  rutty. 

We  fometimes  fufpend  Loadftones,  fo  that  having  the  liberty  to  move,  they  may  conform 
themfelves  to  the  Poles  of  the  World  ;  and  if,  in  this  Situation,  the  Piece  carrying  the  Hook, 
or  Porte-Poid,  be  put  on,  and  the  Weight  the  Stone  commonly  carries  be  hung  on,  and  from 
time  to  time  there  be  hung  to  it  fome  fmall  Weight  more,  you  will  find  that,  when  the  Stone 
has  continued  fufpended  fome  Days,  that  it  will  lift  up' a  much  greater  Weight  than  it  did  be- 
fore it  was  hung  up. 

Several  common  Experiments  made  with  the  Load-flone. 

The  firft  and  ufefullelt  Experiment  made  with  the  Loadflone,  is  that  of  touching  the  Nee- 
dles of  Sea-Compafles  ;  for  rightly  doing  of  which,  you  muft  draw  the  Needle  foftly  over  one 
of  the  Poles  of  the  Loadflone,  from  its  Middle  to  its  End,  and  then  it  will  receive  its  Vertue. 
But,  Note,  that  that  End  of  the  Needle,  which  hath  been  touched  with  one  of  the  Poles  of 
a  Loadflone,  will  turn  towards  the  oppofite  Part  of  the  World,  to  that  which  that  Pole  re- 
gards ;  therefore  if  the  End  of  a  Needle  is  to  turn  towards  the  North,  it  muft  be  touched 
with  that  Pole  of  the  Stone  refpecting  the  South.  Note,  The  longer  Needles  are,  the  lefs 
will  they  viberate. 

This  admirable  Direction  of  the  Loadflone  and  Touched  Needle  hath  not  been  known  in 
Europe  much  above  two  hundred  Years,  by  means  of  which,  Navigation  hath  been  almoft  in- 
finitely advanced.  But  there  is  one  Inconveniency,  which  is,  that  a  Touched  Needle  doth 
not  exaclly  refpect  the  Poles  of  the  World,  but  declines  or  varies  therefrom  towards  the  Eaft 
or  Weft,  at  different  Times,  and  in  different  Places,  varioufiy.  In  the  Year  1610,  it  varied 
at  Paris  8  Degrees  North-Eafterly  ;  in  1658,  it  had  no  Variation  ,•  and  in  the  Year  1716,  ic 
varied  about  12  Deg.  15  Mm.  Weft  ward. 

Moreover,  the  Needle  hath  alfo  an  Inclination  as  well  as  a  Declination  ;  that  is,  the  Nee- 
dle of  a  Sea-Compafs  being  in  Equilibrio  upon  its  Pivot,  will,  when  touched,  lofe  that  Equi- 
librium, and  the  End  that  turns  North,  on  this  fide  the  Equator,  will  drip  or  incline  towards 
the  Earth,  as  if  it  was  heavier  on  that  Side  ;  for  which  reafon  the  North  Side  of  a  Needle 
muft  be  made  lighter,  before  the  Needle  be  touched,  than  the  South  Side,  and  going  towards 
the  Poles,  this  Inclination  grows  greater;  but  in  going  towards  the  Equator,  it  grows  lelfer  : 
fo  that  under  the  Equator,  the  Inclination  will  be  nothing;  and  in  paffing  the  Line,  the 
other  End  of  the  Needle,  refpecting  the  South,  will  begin  to  incline ;  fo  that  Pilots  are  ob- 
liged to  flick  as  much  Wax  to  the  End  of  the  Needle,  as  will  make  it  in  Equilibrio.     Note, 
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the  greater  Force  that  Loadftones,  which  touch  Needles,  have,    the  more  will  the  Needles 
incline. 

There  are  Needles  purpofely  made  to  obferve  this  Inclination^  which  at  Paris  is  about  70 
Degrees. 

If  a  long  thin  Piece  of  Steel  be  drawn  over  one  of  the  Poles  of  an  armed  Loadflone  (in  the 
fame  manner  as  was  faid  before  of  the  Needles)  this  Piece  of  Steel  will  in  an  inftant  acquire 
the  rnagnetick  Virtue,  and  will  not  lofe  it  but  by  degrees  after  feveral  Months,  unlefs  it  be 
put  in  the  Fire.     Note,  A  Piece  of  Steel,  touched  by  a  good  Stone,  will  life  up  14  Ounces. 

The  two  Ends  of  a  Steel  Blade  thus  touched  will  become  North  and  South  Poles  ;  that 
End  whofe  Contact  ends  on  the  South  Pole  of  the  Stone,  being  the  North,  and  the  other  the 
South  Pole  :  for  if  this  Piece  of  Steel  be  made  light  enough  to  fwim,  one  End  thereof  will 
turn  to  the  North,  and  the  other  to  the  South. 

Again ;  that  End  of  the  Steel  Blade  where  the  Contact  ended,  will  attract  much  flronger 
than  the  other  End ;  and  if  the  faid  Blade  be  once  dfawn  over  the  Stone  the  contrary  way,  it 
will  quite  lofe  its  Virtue,  and  attract  no  more.  Underfland  the  fame  of  the  Needle  of  a  Com- 
pafs,  the  Blade  of  a  Knife,  &c.  two  touched  Steel  Blades  will  avoid  each  other,  and  approach 
like  two  Loadftones. 

A  Piece  of  Steel,  in  a  hollow  Piece  of  Cork  fwimming  on  the  Water,  may  be  any  ways 
moved,  by  bringing  the  Pole  of  a  Loadflone  towards  it,  or  another  touched  Piece  of  Steel. 

A  fine  Sewing-Needle,  fufpended  by  a  Thread,  will  fhew  what  is  meant  by  Sympathy  and 
Antipathy  ;  for  this  Needle  will  be  repelled  by  one  Pole  of  a  Loadflone,  and  attracted  by 
the  other. 

A  Needle  may  be  kept  upright,  without  its  touching  a  Loadflone  ;  fo  that  there  may  be 
put  between  it  and  the  Stone  a  Piece  of  Silver,   or  other  Matter,  provided  it  be  not  Iron. 

If,  about  a  Loadflone,  fufpended  by  a  String,  be  circularly  placed  feveral  little  touched 
Needles  of  a  Compafs,  upon  their  Pivots,  and  the  Loadflone  be  moved  any  how,  you  will 
likewife  fee  all  the  Needles  move  in  a  pleafant  manner  ;  and  when  the  Stone  ceafes  moving, 
the  Needles  will  alfo  ceafe. 

What  we  have  already  fpoken  about  flrewing  of  Filings  about  a  Loadflone^  may  be  faid 
alfo  of  itrewing  them  about  a  Piece  of  touched  Steel. 

If  Filings  be  flrewed  upon  a  Piece  of  Pafleboard,  and  a  Loadflone  be  moved  under  it,  the 
Filings  will  erect  themfelves,  and  then  lie  along  on  that  Side  from  whence  the  Stone  came. 

If,  inflead  of  Filings,  you  lay  upon  a  Piece  of  Pafleboard  feveral  Bits  of  the  Ends  of  bro- 
ken Needles  ;  by  bringing  one  Pole  of  a  Loadflone  towards  them,  they  will  erect  themfelves 
upon  one  of  their  Ends  ;  and  by  bringing  the  other  Pole,  they  will  fall,  and  rife  upon  their 
other  Ends. 

It  is  eafy  to  feparate  a  black  Powder  mixed  with  white  Sand,  and  propofing  it  to  a  Perfon; 
not  knowing  the  Secret,  he  will  think  it  impoffible  ;  for  if  Iron  Filings  be  mixed  with  fine 
Sand,  they  may  be  feparated  from  it  by  a  Loadflone,  or  Piece  of  touched  Steel  :  for  either  of 
them  being  put  into  the  Mixture,  at  divers  times,  you  may  get  all  the  Filings  from  among 
the  Sand. 

A  Loadflone  will  lift  up  a  Whirlegig  in  Motion,  whofe  Axis  is  Steel  ;  and  if  it  be  fome- 
thing  heavy,  it  will  turn  a  longer  time  in  the  Air  than  upon  a  Table,  where  the  Friction 
foon  flops  its  Motion  ;  and  if  the  Stone  be  a  good  one,  this  Whirlegig  may  lift  up  another^ 
and  both  of  them  will  turn  contrary  ways.  Another  diverting  Experiment  may  yet  be  made, 
by  putting  little  Steel  Fifhes,  or  Swans,  into  a  flat  Bafon  of  Water  ,•  for  by  moving  a  good 
Loadflone  under  the  Bafon,  you  will  fee  them  prettily  fwimming  about  ;  and  moving  the  Stone 
different  ways,  they  will  likewife  have  different  Motions  ;  if  the  Stone  be  turned  round,  the 
Fifhes  will  alfo  turn  round  ;  if  the  Pole  of  the  Stone  is  turned  towards  them,  they  will 
plunge  themfelves,  as  it  were,  to  join  themfelves  to  the  Stone.  You  may  likewife  put  little 
Steel  Soldiers  into  the  Bafon,  which  may  be  made  to  approach  to  or  recede  from  each  other  in 
form  of  a  Battel  ;  and  by  bringing  the  Equator  of  the  Stone  towards  them,  they  will  fall 
down. 

It  is  pleafant  enough  to  fee  a  Sewing-Needle  threaded,  or  a  little  Arrow,  fattened  by  a 
Hair  to  the  Arc  of  a  Cupid's  Bow,  remain  fufpended  in  the  Air  eight  or  ten  Lines  diftant 
from  a  good  Loadflone. 

There  are  feveral  other  Experiments  made  with  the  Loadflone,  but  mentioning  them  here 
would  take  up  too  much  time. 

"The  Confiruclion  of  an  Artificial  Magnet. 

This  Inflrument,  invented  by   Mr.  Joblot,    is  compofed  of  feveral  very  flrait  Steel  Blades  Fig.  8> 
laid  upon  one  another  ;  and  to  make  it  paffably  good,  there  ought  to  be  at   leafl  20  of  them, 
(according  to  the  force  of  the  Magnet  to  be  made)  each  about  10  Inches  long,  1  Inch  broad, 
and  half  a  Line  in  Thicknefs.     It  is  ufelefs  to  make  them  thicker,  becaufe  the  rnagnetick  Vir- 
tue will  not  penetrate  further  into  the  Steel  Blades. 

Now  thefe  Blades  being  firfl  touched  with  a  good  Stone,  are  afterwards  laid  one  upon  an- 
other, having  their  Poles,  of  the  fame  Denomination,  turned  the  fame- way,  forming  a  Paral- 
lelopipedon  ;  then  they  are  prefTed  together  with  four  Brafs  Stirrups,  and  as  many  little  Wed- 
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Ses  3>  h  3)  3,  of  the  fame  Metal,  and  encompafled  with  Iron  Armour  of  a  proper  Length 
Breadth,  and  Thicknefs.  This  Armour  is  held  by  a  Brafs  Girdle,  and  fattened  with  °the 
Screws  2,  2.  At  the  Top  is  placed  a  Brafs  Plate,  to  which  is  fattened  the  Pendant  4  and  its 
Ring  j  and  at  the  Bottom  is  the  Portt-Po/Vfry.  But,  Note,  that  the  Bafe  of  the  Porte-Poids 
mutt  make  the  perfected  Contact  poffible  with  the  Heads  a,  b,  of  the  Armour.  When  artificial 
Magnets  are  well  made,  and  touched  with  good  Stones,  they  will  have  as  much  Virtue  in 
them  as  good  natural  ones,  and  may  be  ufed  for  the  fame  Experiments. 

The  Cvtiftruftion  of  the  Spring  Steel-yard. 
F,S-  9-  This  Machine,  which  is  portable,  and  ferves  to  weigh  any  thing  from  one  Pound  to  about 

forty,  is  compofed  of  a  Brafs  Tube  or  Pipe,  open  at  the  Ends,  about  4  or  5  Inches  lone 
and  7  or  8  Lines  broad,  one  End  whereof  is  marked  3  ;  the  reft  being  open  for  fliewing  the* 
Infide,  which  is  a  Spring  (2)  of  tempered  Steel-Wire,  made  like  a  Worm.  Number  6  is  a 
little  Feril  fcrewed  upon  the  Top  of  the  fquare  Brafs  Rod  1,  which  the  Spring  croffes 
Upon  this  Rod  are  the  Divifions  of  Pounds,  and  Parts  of  a  Pound,  which  are  made  in  fuc- 
ceffively  hanging  on  the  Hook  (4.)  1,23,  &c.  Pounds  :  for  the  Spring  being  fattened  by  a 
Screw  to  the  Bottom  or  the  fquare  Rod,  the  greater  the  Weight  is,  that  is  hung  on  the  Hook 
the  more  will  the  Spring  be  contraded  j  and  confequently  a  greater  part  of  the  Rod  will  come 
out  of  the  Tube,  thro  the  fquare  Hole  C  :  therefore  if  you  have  a  mind  to  mark  the  Divi- 
fion  for  any  Number  of  Pounds  upon  the  Rod,  fuppofe  10,  hang  10  Pounds  upon  the  Hook 
and  where  the  Edge  of  the  fquare  Hole  C,  at  the  Top  of  the  Tube,  cuts  the  Rod,  make  a 
Mark  upon  the  Rod  for  10  Pounds,  and  fofor  any  other. 

The  Ufe  of  this  Inftrument  is  very  eafy  ;  for  having  fcrewed  the  Feril  6  on  the  Top  of 
the  Rod,  if  you  hold  the  Inftrument  in  your  Hand  by  the  Hook  7,  and  hang  any  thing  to  be 
weighed  upon  the  Hook  4 ;  then  where  the  Edge  C  of  the  fquare  Hole  cuts  the  Rod  will  be 
the  Weight  of  the  thing  required. 

^  The  chief  Goodnefs  of  this  Inftrument  confifts  in  having  a  well-tempered  Spring  :  fo  that 
it  may  fold  according  to  the  Force  of  the  Weight  it  is  to  carry,  and  alfo  in  having  a  Bienefc 
proportionable.  °         fa 

The  ConflruBion  of  the  Beam  Steel-yard. 

This  Inftrument,  which  is  a  kind  of  Steel-yard,  or  Balance  of  Mr.  Caffni's  Invention, 
confifts  ofaRodfufpendedbyaBeam,  in  its  Point  of  Equilibrium  5,  which  divides  the  faid 
Rod  into  two  Arms  (like  the  two  Arms  of  a  common  Balance)  each  of  which  are  len«thwife 
divided  into  equal  Parts,  beginning  from  the  Point  of  Sufpenfion  or  Equilibrium 

The  Ufe  of  this  Balance  is  to  find  both  the  Weight  and  Price  of  Goods  at  the  fame  time. 
It  you  ufe  it  for  weighing  anything,  the  Counter-Weight  4  of  one  Pound,  or  one  Ounce, 
mult  behungtooneof  the  Arms  (according  as  Goods  are  to  be  weighed  by  Pounds  or 
Ounces;  lo  tnat  it  may  Aide  along  the  Arm,  like  as  in  Roman  Balances  ;  and  on  the  other 
Arm  muft  be  hung  on  a  filken  Line,  for  fuftaining  things  to  be  weighed.  Then  to  weigh 
anything  you  muft  place  the  filken  Line,  to  which  the  thing  is  hung,  upon  the  firft  Divi- 
fionof  the  Arm  nigheft  the  Point  of  Equilibrium,-  and  moving  the  Counter-weight  upon 
fouoht  1C         6S  an  Equilibrium>  the  Point  whereon  it  falls  will  fhow  the  Weight 

ntr^rP  th5We;Sht  ?f  ?oods>  ^cording  to  any  Price  ;  for  Example,  at  feven  Pence  an 
Ounce  or  Pound;  place  the  Line,  fuftaining  the  Goods,  upon  the  Divifion  7  of  the  Arm  ; 
nV^A?u  Z  T'  CacrTnS  the  Counter-weight  upon  the  other  Arm,  fo  that  it  be  in  Eaui- 
hbno,  and  the  Number  of  Divifions,  from  the  Point  of  Sufpenfion  to  the  Line  fuftaining  the 
Counter-weight,  will  give  the  Value  of  the  Goods  weighed  * 

But  for  Goods  that  cannot  be  weighed,  unlefs  in  a  Scale,'  take  a  Scale  of  a  known  Weight 

?he  Scalc^       g  1C  UP°n  a  t0         ^  Pr°Ceed  aS  bef°re'  and  fubftraa  the  Weight  of 

A  Paris  Pound lis  1 6 ^Ounces,  and  is  divided  into  2  Marks,  each  of  which  is  8  Ounces - 

H?  ?*?nCu  IS  ffubdmded  inTc° 8  Dram?>  a  Dnram  into  72  Grains,  and  a  Grain,  which  is  nighly 
the  Weight  of  a  Grain  of  Wheat,  is  the  leaft  Weight  ufed.  S   Y 

A  Quintal  weighs  100  Pounds. 

'The  Paris  Pound  compared  with  thofe  of  other  Countries. 
The  Pound  of  Avignon,  Lyons,  Montpelier,  and  Ihouloufeis  12  Ounces. 
The  Pound  of  Marfeilks  and  Rochellis  iq  Ounces. 
.The  Pound ^of  Rouen,  Befangon,  Strasburgh,  and  Amflerdam  is  1 6  Ounces,  like  that  of  Paris, 

The  Pound  of  Milan,  Naples,  and  Venice  is  o  Ounce. 

The  Pound  of  Meffina  and  Genoa  is  9  |  Ounces. 

The  Pound  of  Florence,  Leghorne,  Pifa,  Sarragoffa  and  Valence  is  10  Ounces. 

1  he  found  of  Turin  and  Modena  is  10  i  Ounces. 
The  Pound  of  London,  Antwerp,  and  Flanders  is  14  Ounces. 
The  Pound  of  Bafl,  Berne,  Frankfort,  and  Nuremburgh  is  1 6  Ounces  and  14  Grains: 

1  hat  ot  Geneva  is  17  Ounces. 

ConflruBion 
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ConflruElion  of  an  Liflrument  for  raijing  of  Weights. 

The  Inflrument  of  Fig.  n.  confifts  of  two  Sheaves,  each  of  which  carries  eight  Pullies,  Fig;  in 
hollowed  in  to  receive  a  Rope,  which  is  fattened  at  one  End  to  the  upper  Sheave  ;  and  after 
having  put  it  round  all  the  Pullies,  the  other  End  of  it  mutt  be  joined  to  the  Power  repre- 
fented  by  the  Hand.  Four  of  the  Pullies  are  carried  upon  one  Axel-Tree,  and  four  upon  an- 
other, as  well  in  the  upper  Sheave  as  in  the  lower  one.  At  the  Top  of  the  upper  Sheave  is 
a  Ring  to  hang  the  Machine  in  a  fixed  Place,  and  at  the  Bottom  of  the  other,  there  is  another 
Ring  to  hang  the  Weights  to. 

The  Ufe  of  this  Machine  is  to  lift  up  or  draw  great  Burdens,  by  multiplying  the  Force  of 
the  Power,  which  augments,  in  the  Ratio  of  Unity,  to  double  the  Number  of  the  Pullies  in 
the  lower  Sheave  ;  fo  that  in  this  Inflrument,  where  the  lower  Sheave  carries  eight  Pullies, 
if  the  Weight  (4)  weighs  16  Pounds,  the  Power  need  be  but  a  little  above  one  Pound  to 
make  an  Equilibrium  ;  I  fay,  a  little  above,  becaufe  of  the  Friction  of  the  Ropes  and  Axes. 
The  Pullies  of  the  upper  Sheave  do  not  at  all  contribute  to  the  Augmentation  of  the  Force, 
but  only  to  facilitate  the  Motion  in  taking  away  the  Friction  of  the  Rope,  becaufe  being  as 
Leavers  of  the  firft  kind,  whofe  fixed  Point  is  in  the  middle,  the  Power  will  be  equal  to  the 
Weight  ;  but  the  Pullies  below  are  as  Leavers  of  the  fecond  kind,  whofe  fixed  Point  is  at 
one  of  the  Ends  :  for  their  Diameter  is,  as  it  were,  fixed  at  one  End,  and  lifted  up  at  the 
other ;  by  which  each  of  the  Pullies  double  their  Force,  fince  the  way  moved  thro'  by  the 
Power,  is  double  to  that  moved  thro'  by  the  Weight. 

The  ConflruElion  of  the  Wind-Cane. 
This  Inflrument  is  about  three  Foot  long,  and  twelve  or  fifteen  Lines  in  Thicknefs.     The  Fig.  12. 
Tube  3  is  made  of  Brafs,  very  round,    and  well  foldered,  from  4  to  6  Lines  in   Diameter, 
flopped  at  one  End  a.     At  the  Place  1  is  likewife  another  larger  Tube,  fo  difpofed  about  the 
former  one,  that  there  remains  a  Space  4,  wherein  the  Air   maybe  clofely  included.     Thefe 
two  Tubes  ought  to  be  joined  together  at  one  End  by  a  circular  Plate  c  c,  exactly  foldered  to 
them  both,  for  hindering  the  Air's  getting  out  of  the  Space  4.     The  Piece  8  is  a  Valve  flop- 
ping a  Hole,  permitting  the  Air  to  pafs  from  2  towards  1,  but  not  to  return  from  1  towards 
1.    There  are,  moreover,  two  Holes  near  the  flopped  End  of  the  Tube  3  ;    thro  one  of  thefe 
Holes,  which  is  marked  6,  the  Air  would  come  out  of  the  Space   4  into  the  Tube  3,  if  it 
was  not  hindered  by  a  Spring- Valve  opening  outwardly.     The  other  Hole  is  marked  5,  thro 
Which  there  is  a  Communication  with  the  outward  Air,    and   the  Air  in  the  Cavity  of  the 
Tube  3  ;  but  yet  fo,  that  the  Air,  inclofed  in  the  Space  4,  cannot  come  out   thro  the  Hole 
'5,  it  being  hindered  by  a  little  fhort  Tube  foldered  to  the  Tubes  1  and  3.     Laftly,  the  Tube 
2  reprefents  the  Body  of  a  Syringe,  by  which  as  much  Air  as  poflible  may  be  intruded   into 
the  Space  4 ;  after  which  having  put  a  Bullet  into  the  Cavity  of  the  Tube  3,    near  the   little 
Tube  5,  the  Cane  will  be  charged".     Now,  to  difcharge  it,    you  mufl  pufh  up  the  Spring- 
Valve  6,  by  means  of  a  little  Pin  exa&ly  filling  the  Cavity  of  the  little  Tube  J  ;   then  the 
comprefled  Air,  in  the  Cavity  4,  will  dilate  itfelf ;  and  pafling  thro'  the  Hole  6,  into  the  Ca- 
vity of  the  Tube  3,  will  pufh  the  Bullet  out  with  a  great  force,  even  to  its  penetrating  thro3 
a  Board  of  an  ordinary  Thicknefs. 

Note,  At  Number  7  this  Cane  may  be  taken  into  two  Pieces,  by  unfcrewing  of  it  >  and  the 
Handle  1 2  may  be  taken  out,  and  inftead  thereof  the  Head  of  a  Cane  put  thereon. 

'The  ConflruElion  of  the  ALolipile. 

This  Inflrument  is  made  of  hammered  Copper,  in  form  of  a  Ball,  6r  hollow  Pear,  havingFig.  *> 
a  Neck  foldered  to  it,  and  a  very  little  Hole  drilled  at  the  End  of  this  Neck. 

The  Air  in  the  Ball  is  firft  rarefied,  by  bringing  it  to  the  Fire  ;  and  afterwards  plunging  it 
into  cold  Water,  will  condenfe  the  Air  in  it,  and  the  Water  will  pafs  thro*  the  little  Hole 
into  the  Cavity  of  the  Inflrument. 

Now  having  let  about  as  much  Water,  as  will  fill  f  of  the  iEolipile,  get  into  it,  if  it  be  fet 
upon  a  good  Fire,  in  the  fame  Situation  as  in  the  Figure,  the  Water,  as  it  grows  hot,  will  di- 
late itfelf  by  little  and  little,  and  throw  up  Vapours  into  the  Space  of  Air  contained  between 
the  Surface  of  the  Water,  and  the  little  Hole  at  the  End  of  the  Neck,  which,  together  with 
the  Air,  will  very  fwiftly  crowd  thro'  the  little  Hole,  and  produce  a  Wind  and  violent  Miffing, 
continuing  till  all  the  Water  be  evaporated,  or  the  Heat  extinguished.  Note,  This  Wind  has 
all  the  Properties  of  the  natural  Wind  blowing  upon  the  Surface  of  the  Earth. 

The  ConflruElion  of  four  different  Microfcopes- 
This  is  a  Microfcope  for  viewing  very  minute  Obje&s  and  Animals  that  are  in  Liquors- Fig'  14* 
It  is  compofed  of  two  Plates  of  Brafs,  or  other  Metal,  about  3  Inches  long,  and  8  Lines 
broad,  fattened  together,  nigh  the  Ends,  by  two  Screws,  2,  2,  which  likewife  ferve  to  fix  the 
Plates  at  fuch  a  Diftance  from  each  other,  that  a  Wheel  may  turn  which  has  fix  round  Holes, 
in  every  of  which  are  flat  Pieces  of  Glafs  to  put  different  Objefts  upon,  marked  3,4,  J,  ©V- 
Next  to  the  Eye  there  is  a  concave  Piece  of  Brafs  1,  having  a  Hole  in  the  middle,  in  which  is 
put  a  very  fmall  Lens,  or  Ball  of  Glafs.   This  Ball  ought  to  be  very  convex,  and  well  polifhed, 

in 
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iii  order  to  diftinguifh  minute  Objefte.     The  End  of  the  Machine  is  filed  in    manner  of  a 
Handle  to  hold  it. 

The  Ufeof  this  Inftrument  is  very  eafy  ',  if  the  Objects  are  tranfpafent,  as  the  Feet  of  a 
Flea,  or  of  Flies,  their  Wings,  the  Mites  in  Cheefe,  or  other  minute  Animals;  as  like  wife 
Hairs  of  the  Head,  their  Roots,  &c.  they  are  put  upon  the  Glafs  Plates  on  the  Wheel,  and 
are  held  fall  with  a  little  Gum-water  :  and  to  fee  the  little  Animals  in  (tale  Urine,  Vinegar, 
in  Water  where  there  has  been  infufed  Pepper,  Coriander,  Straw,  Hay,  or  almoft  any  kind  of 
Herbs  j  little  Drops  thereof  muft  be  taken  up  with  the  End  of  a  little  Glafs  Pipe,  and  laid 
upon  the  aforefaid  Glades  :  then  the  Wheel  muft  be  turned  and  raifed,  or  depreffed  by  means 
of  the  Screws  2,  2,  and  a  Spring  between  the  Plates,  which  ferves  to  keep  the  Wheel  in  any 
Situation  required,  in  fuch  manner  that  a  little  Drop  may  be  exaclly  under  the  Lens.  Things 
being  thus  ordered,  take  the  Microfcope  in  your  Hand,  and  having  placed  your  Eye  to  the 
Concave  1,  over  the  Lens,  look  fteadily  at  the  Drop  in  broad  Daylignt,  or  at  Night  by  the 
Light  of  a  Wax  Candle;  at  the  fame  time  turn  the  Screw  at  the  End  by  little  and  little,  to 
bring  the  Drop  nigher,  or  make  it  further  from  the  Lens,  until  the  Point  be  found  where 
the  Object  will  be  tranfparent,  or  the  Animals  fwimming  in  the  Drop  of  Liquor,  appear 
very  large  and  diftinct. 

ConfiruSlion  of  another  Microfcope. 
Fig.  15.  This  Microfcope  is  compofed  of  a  Brafs  Plate  about  three  Inches  high,  and  \  an  Inch  broad, 

cut  in  Form  of  a  Parallelogram,  at  the  Bottom  of  which  there  is  a  Handle  to  hold  it.  The 
Place  marked  1,  is  a  little  Groove  drilled  thro  the  Middle,  in  the  Hole  of  which  is  placed  a 
Lens  fattened  in  a  little  Frame  ;  there  may  be  put  into  it  Lenfes  of  diverfe  Foci,  according  to 
the  different  Objects  to  be  obferved.  Notey  That  the  Focus  of  a  Glafs,  is  its  Diftance 
from  the  Object,  and  that  Lenfes  are  ufed  in  thefe  Microfcopes,  whofe  Foci  are  from  half 
a  Line  to  four  Lines. 

On  the  Backfide  of  the  aforefaid  Plate,  (at  the  Place  2.)  is  fixed  a  little  fquare  Branch  of 
Brafs  or  Steel,  carrying  another  Plate  that  Hides  upon  it  by  means  of  a  little  Box,  a  Spring, 
and  a  Screw>  turned  by  help  of  a  Wheel,  cut  into  Teeth,  which  ferves  to  bring  the  faid 
Plate  nigher  to,  or  more  diftant  from  that  which  carries  the  Lens.  Towards  the  Top  of  the 
fecond  Plate ;  which  has  a  Hole  drilled  in  it,  is  alfo  a  Groove,  in  which  is  placed  little  Pieces 
of  plain  Glafs,  and  round  Concaves  to  put  Liquors  on.  There  may  be  different  Glaffes  put 
in  that  Groove  for  viewing  different  Objects.  Laflly,  Obferve  that  all  the  Objects  anfwer  to 
the  Center  of  the  Lens,  and  that  there  muft  be  adjufted  on  the  other  Side  of  the  Plate  a  lit- 
tle Tube  (marked  3.)  of  Brafs,  about  an  Inch  Diameter,  and  one  or  two  long,  whofe  Center 
muft  very  exactly  anfwer  to  the  Center  of  the  Lenfes.  It  has  been  found  that  with  fuch  a 
Tube,  thefe  Microfcopes  will  have  much  more  effect  upon  tranfparent  Objects,  than  without 
it.  The  Circulation  of  the  Blood  may  pretty  diftinctly  be  obferved  in  the  Tails  of  little 
Fifhes  by  this  Microfcope,  which  is,  in  my  Opinion,  the  moft  commodious  of  any. 

The  Ufe  of  this  Inftrument  is  very  eafy ;  for  having  placed  the  Object  over-againft  the 
Center  of  the  Lens,  move  it  backwards  and  forwards  by  means  of  the  Screw,  till  it  be  feen 
very  diftinctly. 

Conflrufiion  of  a  Jingle  Glafs  Microfcope. 
Fig.  1  (J.  The  little  Inftrument  of  Fig.  16.  is  a  Microfcope  commodious  enough,  compofed  of  a 

Branch  of  Brafs,  or  other  Metal,  having  a  Motion  towards  the  Top,  for  putting  it  into  the 
Situation  as  per  Fig.  The  Piece,  at  the  End,  carries  a  very  convex  Lens,  magnifying  the  Object 
very  much  :  this  Branch  is  fcrewed  into  a  little  Box  5,  bored  through  the  Bottom.  The 
Piece  4,  is  two  Springs  fattened  to  one  another  in  the  Middle  with  a  Rivet,  to  give  it  a  Mo- 
tion defired.  The  Branch  which  carries  the  Lens,  is  put  through  one  of  the  Springs;  and 
through  the  other  there  is  put  a  little  Branch,  carrying  at  one  End  the  Piece  2,  which  is 
white  on  one  Side,  and  black  on  the  other,  for  different  Objects.  The  other  End  3,  is  a 
little  kind  of  Pincer,  which  opens  by  prefling  two  little  Buttons ;  it  ferves  to  hold  little  Ani- 
mals, or  other  Bodies.  The  Foot  5,  is  about  1  \  Inch  in  Diameter,  the  Branch  fcrews  into 
it,  in  order  to  take  to  pieces  the  Inftrument. 

The  Ufe  of  it  is  very  eafy,  for  the  Objects  being  placed  upon  the  little  round  Piece,  or  at 
the  End  of  the  Pincer,  you  muft  bring  the  Lens  towards  them,  by  Aiding  the  Spring  along 
the  Branch,  till  the  Objects  be  feen  very  diftinct. 

There  may  likewife  be  difcovered  with  this  Microfcope,  the  Animals  which  are  in  Liquors, 
by  putting  a  flat  Glafs  in  the  Place  of  the  little  round  Piece  2,  which  unfcrews. 

ConflruBion  of  a  Threc-Glafs  Microfcope. 
Fl&  lh  This  Inftrument  is  compofed  of  three  Glaffes,  viz,,  the  Eye  Glafs  3,  the  Middle  Glafs  4, 

and  the  Object  Lens  5.  There  is  a  Cover  fcrewed  on  at  the  Top  to  preferve  the  Eye  Glafs 
from  Dull :  thefe  three  Glaffes  are  fet  in  wooden  Circles,  and  fcrewed  into  their  Places,  for 
eafier  tatang  them  out  to  cleanfe.  The  Eye  Glafs,  and  the  middle  one,  are  placed  at  the 
Ends  of  a  Tube  of  Parchment,  exactly  entering  into  the  outward  Tube,  in  order  to  lengthen 
the  Microfcope,  and  place  it  at  its  exact  Point,  according  to  a  Line  drawn  round  about  the 

afore- 


Chap.  2 .    of  divers  Mathematical  MftrffincHih 

aforefaid  Tube.  To  have  this  Inftrument  of  a  reafonable  Bignefs,  the  foca!  Biftarice  of  the 
Eye  Glafs  ought  to  be  about  20  Lines,  that  of  the  middle  Glafs  about  3  Inches,  and  placed 
about  3  Inches  3  Lines  diftant  from  one  another. 

The  Object  Lens  is  placed  at  the  End  of  a  wooden  Tail-piece,  glued  to  the  End  of  the 
outward  Tube,  and  is  enclofed  in  a  little  Box,  bored  through  the  Bottom,  which  unferews 
in  order  to  change  the  Object  Lenfes,  and  put  in  others  of  different  focal  Diftanccs,  which 
are  commonly  2,  3,  4,  and  5  Lines  in  Diameter,  and  are  more  or  lefs  convex.  The  Good- 
nefs  of  thefe  Glaffes  confifts  in  having  the  concave  Brafs  Bafons  they  are  ground  in,  turned  in 
a  juft  Proportion  to  the  Gaffes  to  be  worked  j  as  alfo  in  the  Motion  of  the  Hand*-  and  the 
Goodnefs  of  the  Matter  ufed  to  conftruct  them,  and  above  all  in  well  polifhing  them.  Brown 
Freeftone  is  firft  ufed  to  fafhion  them  in  the  Bafon,  then  fine  Sand  to  fmooth  them,  and  Tri- 
poli to  polifh  them.  I  fhall  fay  no  more  of  the  Conftrudion  of  thefe  Glaffes,  M.  Cherubiii 
having  fufficiently  fpoken  thereof. 

The  Foot  1,  which  ought  to  be  pretty  heavy  to  keep  the  Microfcope  from  falling,  is  made 
of  Brafs  4  or  5  Inches  in  Diameter,  having  a  Cavity  in  the  Middle,  wherein  is  put  a  little 
Piece,  white  on  one  Side,  and  black  on  the  other  :  black  Objects  are  placed  upon  the  white 
Side,  and  white  Objects  upon  the  black  Side. 

The  round  Brafs  Branch  is  faftened  at  the  Edge  of  the  Foot,  upon  which  the  Microfcope 
may  flide  up  or  down,  and  turn  round  by  means  of  the  Support  or  double  Square  2  :  there 
is  a  Circle,  or  Ring,,  flrongly  faftened  to  the  Support,  and  which  very  exactly  encompaffes 
the  outward  Tube.  There  is  alfo  a  Steel  Spring  which  bears  againft  the  B*  ranch,  and  keeps 
the  Inftrument  in  a  required  Situation. 

Number  <5,  is  a  little  Brafs  Frame,  having  in  it  a  Piece  of  flat  Glafs  to  Ia"y  tranfparenf: 
Objects  upon.  This  Frame  may  flide  up  and  down  the  Branch  underneath  the  Microfcope; 
and  is  fupported  by  a  double  Square. 

Lafily,  Number  7  is  a  convex  Glafs  converging  the  Rays  of  Light,  coming  from  a  Candle 
under  it ;  and  throwing  them  ftrongly  under  the  tranfparent  Object  on  the  Glafs,  makes  it 
be  feen  more  diftindly.  The  aforefaid  Glafs  is  fet  in  a  Brafs  Circle,  and  rifes,  fatls,  and 
turns  by  means  of  a  little  Arm  carrying  it,  as  the  Figure  fhews. 

U  S  E  of  the  aforefaid  Microfcope. 
To  ufe  this  Inftrument,  for  Example,  to  obferve  the  Circulation  of  the  Blood  m  fome 
Animal ;  a  live  Fifh  muft  be  placed  upon  the  Glafs  6,  fo  that  one  part  of  the  Fins  of  the 
Tail  be  exactly  oppofite  to  the  Objed  Glafs,  and  over  the  Ray  of  the  Cqnvex-Glafs  in  broad 
Daylight,  or  the  Spot  of  the  Candle,  in  the  Night ;  then  place  the  Microfcope  exactly  to 
fuch  a  Point,  and  you  will  fee  the  Blood  rife,  defcend,  or  circulate. 

Number  9,  is  a  little  Piece  of  Lead  hollowed,  to  keep  the  Fifh  from  any  how  ftirring  to 
hinder  the  Experiment. 

Liquors  may  alfo  by  this  Microfcope  be  very  well  examined  ;  for  if  you  put  a  little  Drop 
of  Vinegar  upon  the  Glafs  juft  over  the  bright  Spot  ;  the  little  Animals  in  it  will  very  dif- 
tindly be  obferved.  The  fame  may  be  obferved  of  Water  in  which  Pepper  or  Barley  has 
been  infufed,  &c.  as  alfo  the  Eels  and  other  little  Animals  obferved  in  {landing  Water. 

A  Drop  of  Blood  may  be  obferved  by  putting  it  hot  over  the  Speck  of  the  Candle,  upon 
the  Glafs;  after  which  its  Serofity,  and  little  Globules  of  a  reddifh  Colour,  may  be  difcovered 
therein.  f  41 

The  bed  way  to  get  a  Drop  of  Blood  is  to  tie  a  Thread  about  one  s  Thumb,  and  then 
prick  it  with  a  Needle.  .  .     , 

The  beft  way  to  put  Liquors  upon  the  Glafs,  is  by  taking  a  Drop  of  them  up  with  the 
fmall  End  of  a  little  Glafs  Tube  5  and  then  blowing  foftly  at  the  other  End,  will  make  the 
Liquor  defcend  and  drop  upon  the  Glafs.  . 

To  get  a  great  Number  of  little  Eels  in  a  fmall  Quantity  of  Liquor  j  the  Liquor  mult  be 
put  into  a  very  narrow-necked  Bottle,  and  always  kept  full ;  for  by  this  means,  the  Animals 
coming  to  the  Top  to  get  Air,  may  be  fucked  into  a  little  Tube  in  greater  Numbers,  than  it 
the  Neck  of  the  Bottle  was  wider.  t  .,.,,,       ric^c 

The  Eyes  of  Flies,  Ants,  Lice,  Fleas,  and  Mites,  are  put  in  the  Middle  of  the  *oot  ot 
the  Microfcope,  as  alfo  Sand,  Salt,  ©V.  to  examine  their  Colours  and  Qualities ;  always  ob- 
ferving  to  lay  black  Objects  upon  the  white,  and  white  Objects  upon  the  black  bide.  . 

I  fuppofe  here  that  the  Microfcope  Glaffes  are  well  worked,  and  placed  in  their  hoc*. 
Note  alfo,  that  the  fhorter  the  Focus  of  an  Objed  Glafs  is,  the  greater  will  the  Object 
appear,  but  not  altogether  fo  diftinet. 
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BOOK     IV. 

Of  the  ConjlruBion  and  Ufes  of  Mathematical  fnftru- 
ments  for  meafuring  and  laying  out  of  Land,  taking 
of  Plots,  Heights,  and  hi  fiances  ;  the  mofl  ufual  of 
'which,  are  Staffs,  Lines,  the  Toife  or  Fathom,  the 
Chain,  Survey  ing-Cr  off es  or  Squares,  Recipient- 
Angles  or  Meafure-Angles,  Theodolites,  the  Qua- 
drant, the  Semi-circle,  and  the  Compafs. 

CHAP.     I. 

Containing  the  Defcripion  and  Vfes  of  Staffs,  Lines,  the  Fathom 

or  Toife,  and  the  Chain. 

TA  FFS  are  made  of  hard  Wood,  2  or  3  Foot  long,  cut  pecked 
at  onefcnd,  upon  which  are  put  pointed  Caps  of  Iron,  to  make  them 
go  eaher  into  the  Ground.    There  are  fometimes  longer  ones  made 
in  order  to  be  feen  at  a  great  diftance. 

Lines  ought  to  be  of  good  Packthread,  or  Whipcord,  well  twif- 
ted>and  of  a  convenient  Thicknefs,  that  they  may  not  eafily  ft  retch. 

l  he  1  oiie,  or  Fathom,  is  a  round  Staff  6  Foot  long,  divided  in- 
to Feet  by  httle  Rings,  or  Brafs  Pins ;  the  laft  Foot  being  divided 
into  12  Inches,  likewife  diftinguifh'd  by  little  Brafs  Pins 

There  are  Toifes  that  may  be  taken  into  2,  3,  or  4  Pieces,   by 
Th.,.  n     ™eans  of  FenIs  and  Brafs  Screws  at  the  End  of  each  Piece 

Length    ^      °  tW°  ^^  "  Sted  FeriIs'  PUt  UP°n  each  End  of  ^e  Toife,  to  p'eferve  its 

jfe^Srs^-^^^  thicLk  iron  °rBrafs  wi^ bent  «  theE^> 

each  ot  which  is  a  Foot  long,  and  are  joined  together  with  little  Rings. 

^^T^TrV  Pe^Vr  dfe  t°\  5  T°ifes  in  Le"Sth>  diftinguifh'd  by  a  great 
StlnSnrie  rhemf  .  u^u^u    °f  ChainS  are  Ver^  commodious,  becaufe  they  will 

In  th Yea, r^« £  ^        C  Tli ]hat  3re  made  With  IittIe  Iron  Ringi 
of  the Grid  kl  Z1  ? '     v™  Wf  PLlaCed  *  "eW  Toife  for  a  Standard,  at  the  Foot  of  the  Stairs 

«;  Gurandfhfeet  at  Parts,  tor  having  recourfe  to  in  cafe  of  Ne^d 

A  WreToif     '  a  T°ife  inrL^^n^ins  6  Feet,  and  each" Foot  n  Inches. 
is  f6i and [  JdmesT "?s" \\6   qUarC  ^^  '^  a  fqUare  F00t  x*  IlKheS  •  becaufe  6  timeS  6 
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A  Cubick  Toife  contains  216  Cubick  Feer,  and  a  Cubick  Foot  172S  Cubick  Inches  ;  be- 
caufe  the  Cube  of  6  is  216,  and  the  Cube  of  12  is  1728. 

The  Length  of  a  Perch  is  not  determined.  \ 

That  of  Paris  is  3  Toifes,  or  :8  Feet  ;  in  other  Countries  it  is  20,  22,  and  24  Feet. 

The  Perch,  ufed  in  France,  to  meafure  Waters  and  Forefts,  according  to  the  laft  Regula- 
tion, is  22  Feet  long,  and  confequently  a  fquare  Perch  is  484  fquare  Feet. 

The  Arpent  is  a  fuperficial  Meafure,  ufed  to  meafure  Ground  or  Woods. 

The  Arpent  of  Paris,  and  the  adjacent  Parts,  contains  100  fquare  Perches,  or  900  Toifes  : 
the  Side  of  which  mud  confequently  be  10  Perches,  or  30  Toifes. 

A  League  is  a  Meafure  for  High-ways,  or  great  Diftances  ;  its  Length  is  not  determined, 
being  different  in  different  Countries. 

It  is  reckoned  from  the  Gate  of  Paris,  nigh  the  Grand  Chatelet,  to  the  Gate  of  the  Church 
of  St.  Dennis,  2  Leagues,  each  of  which  is  2200  Toifes. 

The  Gentlemen  of  the  Academy  of  Sciences  have  found,  that  a  Degree  of  a  great  Circle 
of  the  Earth  contains  57060  Toifes  ;  and  giving  25  Leagues  to  a  Degree,  each  League  will 
contain  2282  Toifes. 

A  Sea-League  is  greater,  for  there  goes  but  20  to  make  a  Degree  ;  therefore  it  contains 
about  3000  Toifes. 

The  Italians  reckon  by  Miles,  each  of  which  contains  1000  Geometrical  Paces. 

A  Geometrical  Pace  is  five  of  the  antient  Feet,  one  of  which  the  antient  Reman  Palm  is  three 
quarters,  which  may  be  efteemed  about  1 1  of  our  Inches  ;  and  confequently  an  Italian  Mile 
contains  about  769  of  our  Toifes. 

The  Germans  alfo  reckon  by  the  Mile,  but  they  are  much  greater  than  the  Italian  Miles  3 
for  one  of  them  contains  3626  Toifes. 

They  count  by  Leagues  in  Spain,  one  of  which  contains  2863  Toifes,  20  of  which  exactly 
make  one  Terreftrial  Degree, 

The  fame  may  be  faid  of  the  Englijb  and  Dutch  Leagues. 

U  S  E  I.  To  draw  a  right  Line  thro  two  Points  given  upon  the  Ground,  and  produce  it  to  any 

required  Length. 
Plant  a  Staff  upon  each  of  the  given  Points,    very   upright,    and  having   {trained  a  Line 
from  one  Staff  to  the  other  5  by  that  Line,  as  a  Guide,  draw  a  Line  upon  the  Ground. 

That  right  Line  may  be  continued  by  planting  a  third  Staff,  fo  that  by  placing  the  Eye  to 
the  Edge  of  the  firft,  the  Edges  of  the  two  others  may  be  but  juft  feen  ;  and  again,  the  Line 
may  be  continued,  by  taking  that  Staff,  which  was  the  firft,  and  placing  it  as  a  third,  &c. 

USE  II.  To  meafure  a  right  Line  upon  the  Ground. 

When  a  long  Line  upon  the  Ground  is  to  be  meafured,  Precaution  mud  be  ufed  that  we 
do  not  miftake,  and  be  obliged  to  begin  again.  To  do  which,  two  Men  muft  each  of 
them  have  a  Toife ;  the  firft  having  laid  down  his,  muft  not  lift  it  up,  till  the  fecond 
has  placed  his  at  the  End  of  the  firft  Man's  Toife.  The  firft  Man  having  lifted  up  his  Toife, 
muft  loudly  count  1  ;  and  when  he  has  again  laid  his  down  to  the  End  of  the  fecond  Man's, 
the  fecond  Man  muft  lift  up  his,  and  count  2.  In  thus  continuing  on  to  the  End,  and  in  or- 
der to  lay  the  Toifes  in  a  right  Line,  there  muft  be  placed  twpo  Staffs,  at  a  Diftance  before 
them,  to  look  at ;  for  if  there  is  but  one,  the  Toifes  cannot  be  fo  truly  laid  in  a  right  Line 
by  help  of  it. 

To  fpare  Time  and  Pains,  you  ought  to  have  a  Chain  of  30  Feet,  or  5  Toifes  long,  with 
a  Ring  at  each  End,  carried  by  two  Men,  the  firft  of  which  carries  feveral  Staffs.  When  the 
Chain  is  well  extended  on  the  right  Line  to  be  meafured,  the  foremoft  Man  muft  place  a  Staff 
at  the  End  of  5  Toifes,  to  the  end  that  the  hinder  Man  may  know  where  the  Chain  ended  ; 
for  the  whole  Matter  confifts  in  well  counting,  and  exa&Iy  meafuring. 

USE  III.  From  a  Point  given  in  a  right  Line,  to  raife  a  Perpendicular. 

Let  the  given  Line  be  A  B,  and  the  given  Point  C. 

Plant  a  Staff  in  the  Point  C,  and  two  others,  as  E,D,    in  the  fame  Line,    equally   diftant  fig.  i, 
from  the  Point  C  ;  then  faften  the  two  Ends  of  a  Line   to  the  two  Staves  E,  D,  and  fold  the 
Line  into  two  equal  Parts  in  F  ;  afterwards  ftretch  the  Line  tight,  and  at  the  Point  F  plant  a 
Staff,  and  the  Line  F  C  will  be  perpendicular  to  A  B. 

Otherwife  ;  meafure   4  Feet,  or  4  Toifes,   from  the  Point  C,  on  the  Line  AB,    and  plant  Fl§*  z' 
there  the  Staff  G  ;  take  a  Line  containing  8  Feet,  or  8  Toifes  (according  as  the  former  are 
Feet  or  Toifes)  faften  one  End  of  the  Line  to  the  Staff  C,  and  the  other  to  the  Staff  G  ,- 
then  ftretch  the  Line,  fo  that  3  of  thofe  Parts  be  next  to  the  Point  C,  and  5  next  to  G  ;  plant 
a  Staff  in  H,  and  the  Line  H  C   will  be  perpendicular  to  A  B. 

USE  IV.  From  a  given  Point  without  a  Line,  to  draiv  a  Perpendicular. 

Let  the  given  Line  be  A  B,  and  the  Point  F. 

Fold  your  Line  into  two  equal  Parts,  and  fix   the  middle  to  the  Staff  F  ;    ftretch  the  two  Fl§-  ?• 
Halves  (which  I  fuppofe  long  enough)  to  the  Line  A  B  ;  then  plant  two  Staffs,  namely,  one 

to 
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to  each  End  of  your  Line,  and  divide  their  Diflance  into  two  equal  Parts,  which  may  be 
done  by  folding  a  Line  as  long  as  the  Diftance  A  B  ;  plant  a  Staff  in  the  middle  C,  and  the 
Line  C  F   will  be  perpendicular  to  the  Line  A  B. 

USE  V.  To  draw  a  Line  parallel  to  another,  at  a  given  Diftance  from  it. 
Fig.  4.  Let  the  given  Line  be  A  B,  and  it  is  required  to  draw  a  Line  parallel  to  it  at  the  Diftance 

of  4  Toi fes. 

Raife  (by  Ufe  3.)  two  Perpendiculars,  each  of  4  Toifes,  upon  the  Points  A,  B  ;  and  upon 
the  Points  C,  D  plant  two  Staffs  ;  by  which  draw  the  Line  C  D,  which  will  be  parallel  to  A  B. 

USE  VI.  To  make  an  Angle  on  the  Ground,  at  the  End  of  a  Line,  equal  to  an  Angle  given. 
Fig-  5<  Let  A  B  C  be  the  given  Angle  (which  fuppofe  is  drawn  upon  Paper.) 

About  the  Point  B,  as  a  Center,  defcribe  upon  the  Paper  the  Arc  AC,  and  draw  the 
right  Line  A  C,  which  will  be  the  Chord  of  the  faid  Arc.  Meafure  with  a  Scale,  or  the  Line 
of  equal  Parts  of  the  Seftor,  the  Length  of  one  of  the  equal  Legs  A  B,  or  B  C  of  the  faid 
Angle  ;  likewife  meafure,  with  the  fame  Scale,  the  Length  of  the  Chord  A  C  ;  which,  for 
Example,  fuppofe  3 6  of  thofe  equal  Parts,  whereof  the  Leg  A  B  contains  30. 

Now  let  there  be  upon  the  Ground  a  right  Line,  as  B  C,  to  which  it  is  required  to  draw 
another  Line  F  B,  making  an  Angle  with  B  C  equal  to  the  propofed  one.  Plant  a  Staff  in  the 
Point  B,  and  having  meafured  30  Feet,  or  5  Toifes,  on  the  Line  B  C,  there  plant  a  Staff, 
as  D  ;  then  take  two  Lines,  one  of  30  Feet  long,  which  faften  to  the  Staff  B,  and  the  other 
36  Feet,  which  likewife  faften  to  jhe  Staff  D  :  Draw  the  Lines  tight,  and  make  their  Ends 
meet  in  the  Point  F,  where  again  plant  a  Staff,  from  which  draw  the  Line  F  B;  which  will 
form,  at  the  Point  B,  the  Angle  F  B  C  equal  to  the  propofed  one  ABC. 

USE  VII.  To  draw  upon  Paper  an  Angle,  equal  to  a  given  one  upon  the  Ground. 
Fig.  5.  This  Problem  is  the  Converfe  of  the  former. 

Let  the  given  Angle  upon  the  Ground  be  F  B  C  ;  meafure  30  Feet,  or  5  Toifes,  from  B 
towards  C,  at  the  End  of  which  plant  the  Staff"  D  ;  meafure  likewife  30  Feet  from  B  towards 
F,  and  there  plant  another  Staff ;  meafure  alfo  the  Diftance  of  the  Staffs  F,  D,  which  fup- 
pofe will  be  36  Feet,  (as  in  Ufe  VI.) 

Now  let  B  C  be  a  Line  upon  the  Paper  ;  then  about  the  Point  B,  as  a  Center,  and  with  a 
Length  of  30  equal  Parts  (taken  from  a  Scale)  defcribe  the  Arc  A  C  ;  and  take  35  of  the 
fame  Parts,  and  lay  them  oft  from  the  Point  C,  upon  the  Arc  C  A,  and  a  Line  drawn  from 
B  to  A  will  make,  with  the  Line  B  C,  the  Angle  required. 

If,  moreover,  the  Quantity  of  the  aforefaid  Angle  be  defired,  it  will  be  found,  by  the 
Protractor,  fomething  lefs  than  64  Degrees. 

The  Quantity  0£  Angles  (whofe  Chords  arelcnown)  in  Degrees  and  Minutes,  may  more 
exactly  be  known  by  the  following  Table,  which  is  calculated  for  Angles,  always  contained 
under  equal  Sides  of   30  Feet  each. 

The  Ufe  of  the  faid  Table  is  very  eafy  for  finding  the  Quantity  of  any  Plane  Angles  upon 
the  G re  mds  for  meafure  30  Feet  upon  each  of  the  Lines  forming  an  Angle,  and  plant  a 
Staff  at  the  End  of  30  Feet  upon  each  Line  ;  then  meafure  the  Diftance  between  the  two 
Staffs,  which  fuppofe  to  be  36  Feet  (as  in  the  preceding  Example)  look  in  the  Table  in  the 
Column  or  Bafes  of  36  Feet,  and  you  will  find  over  againft  it,  in  the  Column  of  Angles^ 
63  Degrees,  44  Minutes,  the  Quantity  of  the  faid  Angle. 
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A  TABLE  of  Thine  Angles,  contained  wider  Sides  of  30  Feet. 
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Note,  That  in  the  Columns  of  Bafes  are  only  fet  down  every  2  Inches,  and  the  Feet  from 
1  to  do.  By  means  of  this  Table  may  be  eafily  and  exaftly  found  the  Opening  and  Quantity 
of  any  Angle;  for  fuppofe  your  Bafe  be  in  Length  50  Feet,  3  Inches,  and  the  other  2  Sides 
each  30  Feet,  which  they  mull  always  be.  Seek  50  Feet,  2  Inches,  in  the  Column  of  Bafes  ; 
and  againft  it  you  will  find,  in  the  Column  of  Angles,  113  Deg.  28  Min.  whence  by  making 
due  Proportion  with  the  Inches  and  Minutes,  the  Quantity  of  the  Angle  fought  will  be  113 
Deg.  44  Min.  This  Table,  together  with  a  well  divided  Brafs  Scale,  may  be  ufed  in  mea- 
furing  or  laying  off  Angles  upon  Paper,  with  as  much  Exactnefs  as  Lines  will  do  them  upon 
the  Ground  ;  becaufe  the  Sides  of  equi-angled  Triangles  are  proportional  to  each  other. 

This  Method  of  meafuring  plane  Angles,  may  likewife  ferve  to  make  Defigns  of  Fortifica- 
tions, both  regular  and  irregular,  to  find  the  Quantities  of  Angles,  as  well  of  Baftions  as  of 
the  Polygon,  formed  by  the  Concourfe  of  the  Lines  of  the  Bafes,  or  exterior  Sides,  either  up- 
on Paper  or  the  Ground. 

To  draw  Angles  by  this  Table,  feek  for  the  Degrees  and  Minutes  you  defign  an  Angle  to 
confift  of,  which,  for  Example,  fuppofe  54  Deg.  34  Min.  and  againft  them,  in  the  Column 
of  Bafes,  is  the  Number  of  Feet  and  Inches  correfponding  thereto,  &g&.  27  Feet,  6  Inches  ; 

D  d  which 
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which  is  the  Length  of  the  Bafe  of  the  Angle,  each  of  the  other  Sides  of  which  is  30  Feet, 
and  fo  of  others. 

USE  VIII.     To  take  the  Plan  or  Plot  of  a  Place  within  it. 
Fig.  6.  Let  the  Place  whofe  Plan  is  required,  be  A  B  C  D  E. 

Firft,  make  a  Figure  upon  your  Paper,  fomething  like  the  Plan  to  be  taken,  and  after  ha- 
ving meafured  with  a  Toife  the  Sides  A  B,  B  C,  C  D,  D  E,  and  E  A,  write  the  Lengths  found 
upon  each  of  their  correfponding  Lines  on  the  Paper  j  then  inftead  of  meafuring  the  Angles 
made  by  the  Sides,  meafure  the  Diagonals  AD,  BD,  which  write  down  in  your  Book,  and 
the  Figure  will  be  reduced  into  three  Triangles,  whofe  Sides  are  all  known,  becaufe  they 
have  been  actually  meafured.  Then  the  Figure  muft  be  drawn  neat  in  your  Book  by  means 
of  a  Scale  of  eqi^al  Parts. 

Note,  Of  all  the  Ways  to  take  the  Plans  of  Places,  that  of  taking  it  within  is  the  beft.      J 

USE  IX.     To  take  the  Plot  of  any  Place  (as  a  Wood3  or  marfhy  Ground)  by  meafuring 

round  about  it. 
Fig.  7.  Firft  draw  a  rough  Sketch  of  the  Figure  in  your  Field-Book :  if  it  takes  not  too  much  time 

in  going  round  the  Place  j  then  meafure  with  a  Toife,  or  Chain,  all  the  Sides  encompafling 
the  Figure  propofed,  and  fet  the  Numbers  found  upon  each  correfpondent  Line,  in  your 
Book ;  but  for  the  Angles,  you  muft  meafure  them  as  follows. 

To  meafure,  for  Example,  the  Angle  E  F  G,  produce  the  Side  E  F,  '5  Toifes,  and  plane 
a  Staff  at  the  End  K ;  produce  alfo  the  Side  G  F,  the  Length  of  5  Toifes,  and  plant  a  Staff 
at  the  End  L.    Meafure  the  Diftance  L  K,  and  fuppofing  it  6  Toifes,  4  Feet,  that  is  40  Feet,' 
4f  fet  it  down  upon  the  Line  L  K  in  your  Book,  by  which  means  the  three  Sides  of  the  Ifofceles 

Triangle  L  F  K  will  be  had  >  and  confequently  the  Angle  L  F  K,  may  be  known  by  the  afore- 
mentioned Table,  or  otherwife.  Now  the  aforefaid  Angle  is  equal  to  its  oppolite  one  E  F  G, 
and  if  you  feek  40  Feet  in  the  Column  of  Bafes,  the  Angle  will  be  found  83  Deg.  37  Min. 

In  the  fame  manner  may  the  Angle  F  G  H,  or  any  other  of  the  propofed  Figure,  be  mea- 
fured :  or  elfe  thus,  Produce  the  Side  H  G,  the  Length  of  5  Toifes,  to  N,  where  plant  a 
Staff;  make  likewife  G  M,  5  Toifes.  Meafure  the  Diftance  M  N,  which  fuppofe,  for  Ex- 
ample, 6  Toifes,  2  Feet,  or  38  Feet,  which  write  upon  the  Line  M  N  in  your  Book. 

This  Number  fought  in  the  Column  of  Bafcs,  correfponds  to  78  Deg.  35  Min.  for  the 
exterior  Angle  MGN,  whofe  Complement  ioi  Deg.  25  Min.  is  the  Quantity  of  the 
Angle  F  G  H. 

Then  the  Figure  in  your  Field-Book  muft  be  drawn  neat  by  means  of  a  Scale  of  equal 
Parts,  as  well  to  denote  the  Lengths  of  the  Sides,  as  the  Bafes  of  all  the  Angles,  which  may 
exactly  be  had  without  the  Trouble  of  taking  their  Quantities  in  Degrees  and  Minutes. 

U  S  E  X.     To  draw  any  regular  Polygon  upon  a  given  Line  on  the  Ground. 

Let,  for  Example,  the  given  Line  be  A  B,  upon  which  it  is  required  to  make  an  cquila- 
Jig.  8.         teral  Triangle. 

Meafure  30  Feet  upon  the  Line  A  B,  from  A  to  D,  where  plant  a  Staff:  then  take  i 
Lines,  each  30  Feet  long,  one  of  which  fallen  to  the  Staff  D,  and  the  other  to  the  Staff  A, 
and  ftretch  them  till  their  Ends  join  in  the  Point  C,  where  plant  another  Staff. 

Make  the  fame  Operation  at  the  other  End  of  the  given  Line,  and  produce  the  Lines  A  C, 
and  B  F,  till  they  meet  in  the  Point  E,  and  form  the  equilateral  Triangle  A  E  B  required. 
p-    0  1^  a  Square  be  to  be  made  upon  the  given  Line  A  B,  raife  upon  each  End  A  and  B,  a 

g* 9'  Perpendicular,  (by  U  S  E  III.) 

Then  make  each  of  thofe  Perpendiculars  equal  to  the  Line  given,  plant  Staffs  at  their 
Ends  C  and  D,  and  draw  the  Line  C  D,  which  will  compleat  the  Square  propofed. 
Fi<>.  10.  ^  a  PentaSon  lS  required  to  be  drawn  upon  the  given  Line  A  B  : 

You  will  find  that  the  Angles  formed  by  the  Sides  of  a  Pentagon,  are  each  108  Degrees; 
(as  before  has  been  faid,  in  U  S  E  3.  of  the  Protractor,  and  in  the  third  Section,  concerning 
the  Line  of  Polygons  of  the  Sector)  therefore  feek  for,  in  the  Table  of  Plane  Angles,  the 
Number  that  anfwers  to  108  Degrees,  or  nighly  approaches  it,  and  you  will  find  48  Feet, 
and  fomething  above  6  Inches  :  for  that  Number  anfwers  to  107  Deg.  52  Min.  which  is  lef- 
fer  by  8  Min.  than  108  Degrees ;  whence  48  Feet,  6  J  Inches,  may  be  taken  for  the  afore- 
faid Bafe. 

Now  meafure  upon  the  given  Line,  from  the  Point  A  towards  B,  30  Feet^  and  plant  a 
Staff  in  the  Point  C,  where  the  faid  Length  terminates  :  then  take  2  Lines,  one  30  Feet,  the 
End  of  which  fallen  to  the  Staff  A  ;  and  the  other  48  Feet,  6  \  Inches,  which  likewife  fallen 
to  the  Staff  C  ;  drain  the  Lines  equally,  till  they  join  in  the  Point  E,  where  plant  a  Staff, 
and  by  that  means  will  be  had  an  Angle  of  108  Degrees :  then  produce  the  Line  A  E,  till  it 
be  equal  to  A  B ;  make  the  fame  Operation  at  the  End  B  of  the  given  Line,  by  which  means 
three  Sides  A  B,  AG,  B  D,  of  the  required  Pentagon  will  be  had,  which  afterwards  may  be 
compleated  by  the  fame  Method. 

If  the  Pentagon  be  not  too  big,  it  may  be  compleated  by  means  of  2  Lines,  each  equal  to" 
the  given  Side,  one  fattened  to  the  Staff  D,  and  the   other  to  the  Staff  G\  for  if  they  are 

equally 
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equally  (trained,    they  will  form  the  two  other  Sides  of   the  Polygon,  by  meeting  in  the 
Point  H. 

Any  other  regular  or  irregular  Polygon,  by  the  fame  Method,  may  be  made  upon  the 
Ground,  by  feeking  in  the  before-mentioned  Table,  the  Number  of  Feet  and  Inches  anfwer- 
ing  to  the  Angle  of  the  Polygon  to  be  drawn. 

USE  XL     To  find  the  Diftance  of  two  Objects,  inaccejjtble  in  refpeB  of  each  other. 
The  Diftance,  for  Example,  from  the  Tower  A,  to  the  Windmill  B,  is  required.  F-       ,. 

Plant  the  Staff  C  in  fome  Place  from  whence  it  may  be  eafy  to  meafure  the  Diftance  in  a 
right  Line  from  it  to  the  Places  A  and  B. 

Meafure  thofe  Diftances  exactly,  as  for  Example,  from  C  to  A,  which  fuppofe  54  Toifes ; 

then  produce  the  Line  A  C  to  D,  likewife  54  Toifes :  meafure  alfo  the  Line  B  C,  which  fup- 

-pofe  37  Toifes,  and  produce  it  to  E,  fo  that  C  E  may  be  37  Toifes  likewife ;  by  which  means 

the  Triangle  CDE,  will  be  formed  equal  and  fimilar  to  the  Triangle  ABC,  and  confe- 

quently  the  Diftance  D  E  will  be  equal  to  the  propofed  inacceflible  Diftance  from  B  to  A. 

USE  XII.    To  find  the  Diftance  of  two  Obje&s,  one  of  which  is  inaccejjible. 

Let  it  be  propofed,  for  Example,  to  find  the  Breadth  A  B  of  a  River :  being  at  one  of  its  Fig- i*» 
Sides  A,  plant  there  a  Staff  AC,  4  or  5  Feet  high,  and  very  upright  ,*  make  a  Slit  towards 
the  Top  of  the  Staff,  in  which  put  a  very  ftraight  Piece  of  Steel  or  Brafs  (that  may  flide  up 
and  down)  about  3  Inches  long,  which  muft  be  flippM  up  or  down,  till  the  Point  B,  on  the 
other  Side  of  the  River  be  feen  along  it ;  afterwards  turn  the  Staff,  and  look  along  (keeping 
the  aforefaid  Piece  of  Brafs  in  the  fame  Pofition)  the  Side  of  the  River  upon  level  Ground, 
till  you  fee  the  Point  D,  where  the  vifual  Rays  terminate.  The  Diftance  A  D  meafured 
witrTa  Chain,  will  give  the  Breadth  of  the  River,  to  which  it  is  equal. 

This  Propofition,  as  fimple  as  it  is,  may  ferve  to  know  what  Length  Timber  muft  be  of, 
to  make  Bridges  over  Ditches  or  Rivers. 

U  S  E  XIII.    To  draw  upon  the  Ground  a  right  Line  from  the  Point  A,  to  the  Point  B,  le~ 
tween  which  there  is  a  Building,  or  other  Obftack,  that  hinders  the  continuing  of  it. 

Find,  upon  very  level  Ground,  a  third  Point,  as  C,  from  which  you  may  fee  Staffs  planted  Fig.  \%\ 
in  the  Points  A  and  B »  then  meafure  exactly  the  Diftance  from  C  to  A,  and  from  C  to  B :  this 
being  done,  take  the  Half,  Third,  or  any  other  Part  of  each  of  thofe  Lines,  whereat  plant 
Staffs,  as  in  D  bife&ing  C  B,  and  in  E  bife&ing  C  A ;  then  draw  a  right  Line  from  D  to  E, 
which  produce  as  is  necefTary,  and  draw  a  Parallel  to  it  palling  by  the  Points  A  and  B,  by 
means  of  Staffs  planted  between  the  Point  A  and  theHoufe,  as  alfo  between  the  Houfe  and 
the  Point  B,  which  will  fhew  the  Diredion  from  A  to  B. 

USE  XIV.    It  is  required  to  cut  a  Pajfage  thro  a  Hill  from  the  Point  A  to  BV 
Draw  on  one  Side  of  the  Hill  a  right  Line,  as  DC,  and  on  the  other  Side  another  right  Fig.  i£ 
Line,  as  E  F,  parallel  toCDj  then  let  fall  from  the  Point  A,  to  the  Line  C  D,  the  Per- 
pendicular A  G ;  and  in  fome  other  Point  beyond  the  Hill,  draw  another  Perpendicular,  as 
C  H,  equal  to  A  G. 

Again ;  from  the  Point  B,  let  fall  upon  the  Line  E  F  the  Perpendicular  B  I >  and  from 
fome  other  Point  beyond  the  Hill,  draw  another  Perpendicular  to  the  lame  Line,  as  L  M, 
equal  to  B  I,  fo  that  the  Diftance  I  L,  may  be  equal  toCG;  then  draw  a  right  Line  from 
the  Staff  H,  to  the  Staff  M,  (and  produce  it  as  far  as  is  necefTary)  which  will  be  parallel  to 
the  PafTage  to  be  made  from  A  to  B ;  therefore  any  Number  of  Staffs  may  be  planted  at  an 
equal  Diftance  to  that  Parallel  H  M  on  both  Sides  the  Hill,  as  O,  P,  Q,  which  will  ferve  as 
a  Guide  to  pierce  the  Hill  thro  from  A  to  B. 

I  fhall  again  mention  the  Ufe  of  the  aforefaid  Instruments,  in  the  little  Treatife  of  Fortifi- 
cation, hereafter  laid  down. 


mm 

CHAP.    II. 

Of  the  Defer iption  and  Vfe  of  the  Surveying-Crofs. 

TH  E  Surveying-Crofs  is  a  Brafs  Circle  of  a  good  Thicknefs,  and  4,  5,  or  6*  Inches  Fig.  15? 
Diameter.    It  is  divided  into  4  equal  Parts,  by  two  Lines  cutting  one  another  at  right 
Angles  in  the  Center.    At  the  four  Ends  of  thefe  Lines,  and  in  the  Middle  of  the  Limb, 
there  are  fixed  four  ftrong  Sights  well  riveted  in  fquare  Holes,  and  very  perpendicularly  flit 
over  the  aforefaid  Lines,  having  Holes  below  each  Slit,  for  better  difcovering  of  diftant  Ob"     - 
je&s :  the  Circle  is  hollowed  to  render  it  more  light. 

Under- 
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Fig.  16.  Underneath,  and    at  the  Center  of  the  Inftrument,  there  ought  to  be  fere  wed  on  a  Feril, 

fenving  to  fuftain  the  Crofs  upon  its  Staff  of  4  or  5  Feet  long,  according  to  the  Height  of 
the  OMerver's  Eye.  This  Start  mull:  be  furnifhed  with  an  Iron  Point,  to  go  into  the  Ground 
the  better. 

Ail  the  Exaftnefs  of  this  Inftrument  confifts  in  having  its  Sights  well  flit  at  right  Angle?, 
which  may  be  known  by  looking  at  an  Object  thro'  two  Sights,  and  another  Object  thro' 
two  otherSigtits  i  then  the  Crofs  mull  be  exaftly  turned  upon  its  Staff,  and  you  mult  look  at 
the  fame  Obfecls  through  the  oppofite  Sights  ;  if  they  are  very  exactly  in  the  Direction  of  the 
Slits,  it  is  a  iign  the  Inftrument  is  very  jufl. 

To  avoid  breaking  or  damaging  the  Crofs,  the  Staff  mull  firft  be  put  in  the  Ground,  and 
when  it  is  well  fixed,  the  Crofs  mufc  be  fcrewed  upon  it. 

Thefe  kinds  of  Crofles  fometimes  are  made  with  eight  Sights,  in  the  fame  manner  as  the 
afcrefaid  one,  and  ferve  to  take  Angles  of  45  Degrees  j  as  alfo  for  Gardeners  to  plant  Rows 
of  Trees  by. 

U  S  E  I.     To  take  the  Plot  and  Area  of  a  Field  within  it. 
Pig,  r/.  Let  the  Field  propofed  be  A  B  C  D  E,  and  having  placed  at  all  the  Angles  Staffs,  or  Poles 

very  upright,  exactly  meafure  the  Line  A  C  (in  the  manner  we  have  already  laid  down,  or 
any  other  at  pleafure)  then  make  a  Memorial,  or  rough  Draught,  fomewhat  reprefenting  the 
Field  propofed,  on  which  write  all  the  Dimensions  of  the  Parts  of  the  Line  A  C,  and  of  Per- 
pendiculars drawn  from  the  Angles  to  the  Line  A  C.  If,  for  Example,  you  begin  from  the 
Staff  A,  rind  the  Point  F  in  the  Line  AC,  upon  which  the  Perpendicular  EF  falls.-  then 
meafure  the  Lines  A  F  and  E  F,  and  let  down  their  Lengths  upon  their  correfpondent  Lines 
in  your  Memorial. 

Now  to  find  the  Point  F,  plant  feveral  Staffs  at  pleafure  in  the  Line  AC;  as  alfo  the  Foot 
of  your  Crofs  in  the  fame  Line,  in  fuch  a  manner  that  you  may  difcover  thro'  two  oppofite 
Sights,  two  of  thole  Staffs,  and  thro5  the  other  two  Sights,  (which  make  right  Angles  with 
the  two  firfl  ones)  you  may  fee  the  Staff  E.  But  if  in  this  Station  the  Staff  E  cannot  be 
feen,  remove  the  Inftrument  backwards  or  forwards,  till  the  Lines  A  F,  EF,  make  a  right, 
Angle  in  the  Point  F,  by  which  means  the  Plot  of  the  Triangle  A  F  E  will  be  had. 

In  the  lame  manner  may  the  Point  H  be  fouad,  where  tke  Perpendicular  D  H  falls,  whofe 
Length,  together  with  that  of  G  F,  muft  be  fet  down  in  your  Memorial,  in  order  to  have  the 
Plot  of  the  Trapezium  E  F  H  D.  Again,  meafure  H  C  making  a  right  Angle  with  H  D,  and 
the  Plot  of  the  Triangle  D  H  C  will  be  had. 

Having  likewife  meafured  the  whole  Line  A  C,  there  is  no  more  to  do  but  find  the  Point 
•G,  where  the  Perpendicular  B  G  falls ;  and  proceeding  as  before,  the  Plot  of  the  Triangle 
ABC  may  be  had,  and  consequently  the  Plot  of  the  whole  Field  A  B  C  D  E.  The  Area  of 
the  Field  will  likewife  be  had,  by  adding  the  Triangles  and  Trapeziums  together,  which  may 
eafily  be  done  by  the  Rules  of  Planometryj  in  the  following  manner : 

Suppofe,  for  Example.  AFis7Toifes,  and  the  Perpendicular  E  F  10;  multiply  7  by  10, 
and  the  Product  is  70,  half  of  which  is  3  5,  the  Area  of  the  Triangle  A  F  E. 

If  moreover  the  Line  FH  is  14  Toifes,  and  the  Perpendicular  H  D  12,  add  12  to  10, 
(which  is  the  Perpendicular  F  E)  the  Sum  will  be  22,  half  of  which  being  n,  multiplied  by 
14,  will  give  154  fquare  Toifes,  for  the  Area  of  the  Trapezium  EFHD;  and  if  the  Line 
H  C  is  8  Toifes,  multiplying  8  by  12,  the  Produft  isp<5,  whofe  half  48,  will  be  the  Area  of 
the  Triangle  C  H  D. 

The  whole  Line  A  C  is  29  Toifes,  and  the  Perpendicular  BG10;  whence  the  Product  is 
290,  whofe  half  145,  is  the  Area  of  the  Triangle  ABC.  Finally,  adding  together  35,  154, 
48,  and  145,  the  Sum  382,  will  be  the  Number  of  fquare  Toifes  contained  in  the  Field 
A  B  C  D  E. 

USE  II.     To  take  the  Plan  of  a  Wood,  Morafs,  &c.  in  which  it  is  not  eafy  to  enter. 
Fig- lS-  Let  the  Morafs  F  F  G  H  I  be  propofed  :  Set  up  Staves  at  all  the  Angles,  fo  made  as  to 

include  the  Morals  within  a  Rectangle,  which  meafure;  then  fubftract  the  Triangles  and 
Trapezia  included  between  the  Sides  of  the  Morafs,  and  the  Sides  of  the  Re&angle,  from  the 
faid  Rectangle,  and  the  Area  of  the  propofed  Morafs  will  be  had. 

If,  lor  Example,  you  begin  at  the  Staff  E,  produce  by  help  of  the  Crofs  the  Line  E  F,  as 
far  as  is  necefiary,  to  which,  from  the  Point  G,  let  fall  the  Perpendicular  G  K  ;  fet  up  a  Staff 
at  K,  and  produce  K  G  to  L,  to  which,  from  fchfe  Point  H,  draw  the  Perpendicular  L  H, 
which  likewife  produce  as  far  as  is  neceffary  :  afterwards  draw  from  the  Staff  E,  to  the  Line 
H  L,  produced,  the  Perpendicular  E  M  :  whence  the  Rectangle  EMLK  will  be  had,  whofe 
Sides  muft  be  meafured  with  a  Chain  or  Toife. 

Suppofe,  for  Example,  the  Line  E  K,  or  its  Parallel  M  L  (which  ought  to  be  equal  to  it) 
is  35  Toifes,  and  the  Line  E  M,  or  its  Parallel,  10  Toifes  ;  multiplying  thefe  two  Numbers 
by  one  another,  there  wrill  arife  350  fquare  Toifes  for  the  Area  of  the  Rectangle  EMLK: 
but  if  F  K  is  5  Toifes,  and  G'K  4,  by  multiplying  4  by  5,  the  Product  is  20,  whofe  half 
jo  Toifes,  is  the  Area  of  the  Triangle  F  K  G.  The  Line  G  L,  being  6  Toifes,  and  H  L  4, 
the  Product  of  4  by  6  is  24,  whofe  half  12  is  the  Area  of  the  Triangle  G  L  H 

After- 
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Afterwards  a  Point  muft  be  found  in  the  Line  H  M,  where  a  Perpendicular  drawn  from 
the  Staff  1  falls,  which  forms  a  Triangle  and  a  Trapezium  ;  fo  that  if  the  Diftance  H  N  be 
24  Toifes,  and  the  Perpendicular  N  I  4  Toifes,  24  by  4  gives  96,  whofe  half  48,  is  the  Area 
of  the  Triangle  H  N  I.  Laftly,  N  M  being  7  Toifes,  ME10,  and  its  Parallel  N  I  4  Toifes, 
adding  10  to  4,  the  Sum  will  be  14,  whofe  half  7,  multiplied  by  7,  produces  40  for  the  Area 
of  the  Trapezium  E  M  N  I. 

Therefore  adding  together  the  Areas  of  the  three  Triangles,  and  that  of  the  Trapezium, 
there  will  be  had  119  Toifes,  which  taken  from  350,  the  Area  of  the  Rectangle,  and  there 
remains  231,  the  Area  of  the  propofed  Morafs.  The  fame  maybe  done  with  any  other 
Figure.  Thefe  two  Ufes  are  enough  to  fhow  how  Surveyors  ufe  their  Inflruments  for  mea- 
furing  and  taking  the  Plot  of  any  Piece  of  Ground. 


CHAP.    III. 

Of  the  Con/lrutfion  and  Vfes  of  divers  Recipient-Angles.         f 

THERE  are  feveral  Sorts  of  Recipient-Angles,  but  the  befl  and  moil  in  ufe,  are  thole 
whofe  Defcription  we  are  now  going  to  give. 
The  Recipient-Angle  A,  is  compofed  of  two  Rules  very  equal  in  breadth,  for  the  Infiues  Fjgi  As 
of  them  mufl  be  parallel  to  their  Outfides  ;  their  Breadth  is  about  an  Inch,  and  their  Length 
a  Foot  or  more.  Thofe  two  Rulers  are  equally  rounded  at  the  Top,  and  fattened  1  o  one 
another  by  means  of  a  Rivet  artificially  turned,  fo  that  the  Inftrument  may  eafily  open  and 
fhut.  When  an  Angle  is  taken  with  it,  the  Center  of  a  Protractor  muft  be  put  to  the  Place 
where  the  two  Rulers  join  each  other,  and  the  Degrees  cut  by  the  Edge,  will  fhow  the 
Quantity  of  the  Angle  ;  or  elfe  the  Angle  which  the  two  Rulers  make,  is  drawn  upon  Paper, 
and  then  it  is  meafured  with  a  Protractor. 

The  Recipient- Angle  B,  is  made  like  the  precedent  ohei  only  there  are  two  Steel  Points  at  Fig.  B; 
the  Ends,  in  order  for  it  to  ferve  as  a  Pair  of  CompafTes. 

The  Recipient- Angle  C,  is  different  from  the  others,  becaufe  it  fhows  the  Quantities  of  Fig.  Q 
Angles  without  a  Protractor. 

It  is  compofed  of  2  Brafs  Rulers  of  equal  Breadth  and  parallel,  about  2  Feet  long,  and  £ 
or  3  Inches  thick,  joined  together  by  a  very  round  Rivet :  it  has  befides  a  Circle  divided  in- 
to 360  Degrees  at  the  End  of  one  of  the  Rulers,  and  a  little  Index  fixed  to  the  Rivet,  which 
fhows  the  Number  of  Degrees  the  2  Rulers  contain  between  them.  I  fhall  not  here  fhew; 
how  to  divide  the  Circle,  having  fufficiently  fpoken  of  it  in  the  Conftruftion  of  the  Protra&or; 
only  note,  that  the  Degrees  are  always  reckoned  from  the  Middle  of  the  Rule,  where  the 
Center  is. 

There  are  thefe  Sorts  of  Recipient- Angles  made  by  dividing  a  Circle  upon  the  under  Ruler,1 
and  filing  the  upper  one  like  the  Head  of  a  Sector,  that  thereby  the  Degrees  of  the  opening 
of  the  Legs  may  be  known,  by  means  of  the  two  Shoulders  of  the  upper  Leg. 

To  meafure  a  faliant  Angle  with  any  one  of  the  three  Recipient-Angles,  apply  the  Infides 
of  the  two  Rulers,  to  the  Lines  forming  the  Angle ;  and  to  meafure  a  rentrant  Angle,  apply 
the  Outfides  of  the  fame  Rulers  to  the  Lines  forming  the  Angle. 

The  Recipient-Angle  D,  is  made  of  4  Brafs  Rules,  equal  in  Breadth,  joined  together  by  Fig.Efe 
4  round  Rivets,  forming  an  equilateral  Parallelogram. 

At  the  End  of  one  of  the  Rules  there  is  a  Semi-circle,  divided  into  180  Degrees.  The  o- 
ther  Branch  paffing  upon  the  Semi-circle,  is  continued  to  the  Divifions  of  the  Semi-circle,  in 
order  to  fhow  the  Quantities  of  Angles. 

The  faid  Rules  are  made  one  or  two  Feet  long,  8  or  10  Lines  broad,  and  of  a  convenient 
Thicknefs ;  they  ought  to  be  drilled  very  equal  in  Length,  namely,  that  where  the  Center 
of  the  Semi-circle  is  (marked  2.)  aud  at  the  other  End  in  the  Point  1.  That  which  ferves 
for  an  Index,  ought  to  be  drilled  in  the  Points  2  and  3.  And  laftly,  the  two  other  Rules  in 
the  Point  4.  The  Rule  ferving  for  an  Index,  muft  be  faftened  to  the  Center  of  the  Semi- 
circle ;  and  the  two  other  Rules,  which  are  of  equal  Length,  muft  be  fattened  underneath  the 
two  others,  all  of  them  fo  as  their  Motion  may  be  very  uniform. 

When  a  faliant  Angle  is  to  be  meafured  with  this  Recipient-Angle,  the  2  equal  Rules  muft 
be  put  underneath  the  2  others,  fo  that  the  End  4  be  underneath  2,  and  thereby  the  4  Rules 
make  but  2  to  encompafs  the  Angle  :  but  when  a  rentrant  Angle  is  to  be  meafured,  the 
two  Rules  muft  be  drawn  out,  (as  per  Figure)  and  applied  to  the  Corner  of  the  Angle; 
and  fince  in  every  Parallelogram  the  oppofite  Angles  are  equal,  the  Degrees  of  the  Angle 
may  be  known  by  the  Semi-circle- 

U  S  E  I.  Of  the  Recipient-Angle. 
To  take  the  Plan  of  a  Baftion  ;  as,  for  Example  ;  A  B  C  D  E,  make  a  Memorial,  and  then  Fig.  ij* 
meafure,  with  the  Recipient- Angle,  the  rentrant  Angle  E,  made  by  the  Courtine  of  the  Place, 

E  e  and 
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and  the  nan^uant  Angle  of  the  propofcd  Baftion,  by  applying  it  horizontally,  in  fuch  manner 
that  one  of  the  Rules  may  be  in  the  Direction  ot  the  laid  Courtine,  and  the  other  in  the  Di- 
rection of  the  Flank  ;  and  having  found  the  Quantity  of  it  in  Degrees,  fet  it  down  upon  a 
little  Arc  in  your  Memorial  ;  then  meafure  the  Flank  E  D,  which  let  down  upon  the  Line 
e  d  in  your  Memorial.  Again,  apply  the  Rules  of  your  Inftrument  to  the  faliant  Angle  D, 
and  fet  down  its  Quantity  upon  a  little  Arc  ;  meafure  the  Length  of  the  left  Face  C  D,  take 
the  Quantity  of  the  flanquant  Angle  C,  and  of  all  the  other  Angles  of  the  Baftion,  as  likewife 
the  Length  of  the  Faces  and  Flanks  ;  after  which,  by  help  of  a  Scale,  Lthe  Plan  of  the  Baf- 
tion may  be  drawn  neat. 

But  fince  it  often  happens  that  thefe  Angles,  which  are  commonly  made  of  Free-Stone,  are 
not  well  cut,  by  the  Negligence  of  Workmen,  who  make  them  either  too  acute  or  obtufe  ;  to 
remedy  this,  there  muft  be  a  long  Rule  horizontally  applied  to  each  Wall,  whofe  Direction 
is  good,  tho5  the  Angles  are  not ;  and  putting  the  Legs  of  the  Inftrument  level  upon  thofe 
two  Rules,  the  Angle  to  be  meafured  may  be  more  exactly  had. 

USE  II.  To  take  the  Plot  of  a  Piece  of  Ground  encompajfed  by  right  Lines. 
Fig.  20.  Let  the  Piece  of  Ground  propofed  beABCDEFG;  meafure  exactly  the  Length  of  all 

the  Sides,  and  fet  them  down  upon  the  relative  Lines  of  your  Memorial  ;  then  take,  with 
any  recipient  Angle,  the  Quantity  of  each  Angle,  as,  for  Example,  the  Angle  A  G  F,  and 
fet  down  the  Quantity  of  it  upon  the  relative  Angle  a  g  /,  in  the  Memorial ;  meafure  alfo 
the  Angle  F  E  D,  by  applying  the  Inftrument  to  it  (as  per  Figure)  and  fet  down  the  Quan- 
tity thereof  upon  the  relative  Angle  of  the  Memorial,  and  fo  of  all  the  other  Angles,  whofe 
Quantities  being  noted  in  Degrees,'as  likewife  the  Lengths  of  all  the  Lines,  the  Plot  abed  efg 
may  be  neat  drawn,  and  fimilar  to  A  B  C  D  E  F  G. 

In  this  Plate  may  be  feen  the  Plan  of  a  Pentagon  fortified,  with  the  Names  of  the  Parts 
of  its  Fortification. 

CHAR    IV. 

Of  the  Conftruction  and  Vfe  of  the  Theodolite. 

Plate  i*.    'THHIS  Inftrument  is  made  of  Wood,  Brafs,  or  any  other  folid  Matter,  commonly  circu- 
Fig.  A.  JL    lar,  and  about  one  Foot  in  Diameter.     In  the  Center  of  this  Inftrument  is   fet  upright 

a  little  Brafs  Cylinder,  or  Pivot,  about  which  an  Index  turns,  fumifhed  with  two  Sights,  or 
a  Telefcope,  having  a  right  Line,  called  'the  Fiducial  Line,  exactly  anfwering  to  the  Center  of 
the  aforefaid  little  Cylinder,  whofe  Top  ought  to  be  cut  into  a  Screw,  for  receiving  a  Nut  to 
fallen  the  Index,  upon  which  is  fixed  a  fmall  Compafs  for  finding  the  Meridian  Line. 

The  Limb  of  the  Theodolite  is  a  Circle  of  fuch  a  Thicknefs,  as  to  contain  about  fix 
round  Pieces  of  Pafteboard  within  it  (of  which  we  are  going  to  fpeak)  and  of  fuch  a  Breadth 
as  to  receive  the  Divifions  of  360  Degrees,  and  fometimes  of  every  fifth  Minute. 

There  are  feveral  round  Pieces  of  Pafteboard,  of  the  Bignefs  of  the  Theodolite,  pierced 
thro  the  middle  with  a  round  Hole,  exactly  to  fit  the  Pivot ;  fo  that  the  Pivot  may  be  put 
thro  each  of  the  aforefaid  Holes  in  the  Pieces  of  Pafteboard,  and  the  upper  Pafteboard  may 
have  the  Index  moving  upon  it.  This  upper  Pafteboard  may  be  fixed  at  pleafure,  by  means 
of  a  little  Point  fattened  to  the  Limb  of  the  Inftrument,  and  entering  a  little  way  into  the 
Pafteboard.  There  is  commonly  drawn  with  Ink,  upon  each  of  thefe  Pafteboards,  a  Radius 
or  Semidiameter,  ferving  for  a  Station-Line. 

Underneath  the  Theodolite  is  faftened  a  Ball  and  Socket,  reprefented  by  the  Figure  D, 
which  is  a  Brafs  Ball  enclofed  between  two  Shells  of  the  fame  Metal,  that  may  be  more  or 
lefs  opened  by  means  of  a  Screw,  and  a  Socket  G,  in  which  goes  the  Head  of  a  three-legged 
Staff,  of  which  more  by  and  by. 

Fig.  A,  reprefents  the  Inftrument  put  together.  We  now  proceed  to  fliew  the  Construction 
of  the  Pieces  compofing  it,  in  beginning  with  the  Divifion  of  its  Limb. 

Firft,  Draw  upon  the  Limb  two  or  three  concentrick  Circles,  to  contain  the  Degrees,  and 
the  Numbers  fet  at  every  tenth  Degree  ;  then  divide  one  of  thefe  Circumferences  into  four 
very  equal  Parts,  each  of  which  will  be  00  Degrees  ;  and  dividing  each  of  thefe  four  Parts 
into  9  more,  the  Circumference  will  be  divided  into  every  tenth  Degree.  Again,  each, 
of  thefe  laft  Parts  being  divided  by  2,  and  each  of  thofe  arifing  into  5  equal  Parts,  the 
whole  Circumference  will  be  divided  into  3  60  Degrees.  This  being  done,  you  muft  draw 
the  Lines  of  thefe  Divifions  upon  their  convenient  Arcs,  by  means  of  a  Ruler  moving  about 
the  Center.  Afterwards  Numbers  muft  be  fet  to  every  tenth  Degree,  beginning  from  the  Fi- 
ducial Line,  which  is  that  whereon  the  two  fixed  Sights  or  Telefcope  is  faftened. 
_  A  Theodolite  thus  divided  is  of  much  greater  Ufe  than  thofe  whofe  Limbs  are  not  di- 
vided ;  for  it  may  ferve  exactly  to  take  the  Plots  of  Places,  and  meafure  inacceflible  Diftances 
by  Trigonometry. 

The 
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Chap4-  of  the  Theodolite. 

The  Figures  B  reprefent  the  Sights  which  are  placed  upon  different  Instruments  }  that  to 
which  is  placed  the  Eye,  hath  a  long  ftrait  Slit,  which  ought  to  be  very  perpendicular,  made 
with  a  fine  Saw  ;  and  that  which  is  turned  towards  the  Ob  Jed,  hath  a  fquare  Hole,  fo  large, 
that  the  adjacent  Parts  of  a  diftant  Object  may  be  perceived  thro  it  :  And  along  the  middle 
of  this  Hole  is  drained  a  very  fine  Gut,  in  order  to  vertically  cut  Objects,  when  they  are  per- 
ceived thro  the  Slit  of  the  other  Sight.  But  that  the  Eye  may  be  indifferently  placed  at  any 
one  of  the  two  Sights  at  pleafure,  fo  that  Objects  may  be  as  well  perceived  thro  the  Sights 
on  one  Side  the  Inftrument,  on  which  they  are  placed,  as  on  the  other  ;  there  is  made  in 
each  Sight  a  fquare  Hole  and  a  Slit,  the  Hole  in  one  Sight  being  below  the  Slit,  and  in  the 
other  Sight  above  it,  as  the  little  Figures  fliew.  Thefe  Sights  ought  to  be  exactly  placed  on 
the  Extremes,  and  in  the  fiducial  Line,  as  well  of  Inftruments  as  Indexes,  and  are  fattened 
in  little  fquare  Holes  with  Nuts  underneath,  or  el fe  by  means  of  Screws,  according  as  the 
Place  they  are  fattened  on  requires. 

The  little  Figure  C  reprefents  the  aforefaid  Cylinder,  or  Pivot,  with  its  Nut,  for  joining 
the  Index  to  the  Theodolite  ;  thofe  of  Semicircles,  and  other  Inftruments,  are  made  in  the 
fame  manner,  only  they  are  rivetted  underneath. 

The  Figure  D  reprefents  the  Ball  and  Socket  for  fupporting  the  Inftrument,  and  is  com- 
pofed  of  a  Brafs  Ball  inclofed  between  two  Shells  of  the  fame  Metal,  which  are  made  very 
round,  with  Balls  of  tempered  Steel  cut  in  manner  of  a  File.  Thefe  Shells  are  locked  more 
or  lefs  by  means  of  a  Screw,  that  fothey  may  prefs  the  Ball  inclofed  between  theni  according 
to  neceffity.  One  of  thefe  Shells  isfoldered  to  the  Socket  G,  which  is  a  turned  Brafs  Feril, 
in  which  the  Foot  of  the  Inftrument  is  put.  Balls  and  Sockets  are  made  of  different  Big- 
neffes,  according  to  the  BignefTes  of  Inftruments,  and  are  faftened  to  the  Inftruments  with 
Screws,  in  a  Plate  rivetted  to  the  Top  of  the  Ball- 

ConflruBion  of  the  Feet  for  fupporting  of  Inftrument}; 

We  have  already  mentioned  the  fimple  Feet  for  fupporting  Surveying-CrofTes,  which  are 
to  be  forced  into  the  Ground  ;  but  thofe  whofe  Defcription  we  are  now  going  to  give,  are 
not  to  be  forced  into  the  Ground,  but  are  opened  or  fhut  according  as  the  Inequality  of 
the  Ground,  the  Inftrument  is  to  be  ufed  upon>  requires. 

The  Foot  E  is  a  triangular  Plate,  in  whofe  Middle  is  a  Piece  I,  which  is  to  go  into  the 
Socket  G. 

Underneath  the  aforefaid  Plate  are  faftened  three  Ferils,  or  Sockets,  moveable  by  means  of 
Joints,  for  receiving  three  round  Staves  of  fuch  a  Length,  that  the  Obferver's  Eye,  v/hen  the 
Inftrument  is  ufing,  may  commodioufly  view  Objects  thro  the  Telefcope,  or  Sights.  The 
Extremities  of  thefe  Staves  are  furnifhed  with  Ferils  and  Iron  Points,  in  order  to  keep  the 
Inftrument  firm  when  it  is  ufing. 

The  Foot  F  confifts  of  four  Staves,  about  two  Foot  long,  whereof  that  in  the  middle,1 
called  the  Shank,  hath  its  Top  rounded,  that  fo  it  may  go  into  the  Socket ;  the  reft  of  this 
Staff  is  cut  in  Figure  of  a  Triangle,  that  fo  the  three  Faces  thereof  may  receive  upon  them 
three  other  Staves,  faftened  by  means  of  three  Screws  (all  of  a  piece)  and  fo  many  Nuts. 
Thefe  three  Staves  are  furnifhed  with  Ferils  and  Iron  Points,  being  flat  within  fide,  and  have 
three  Faces  without. 

When  we  have  a  mind  to  carry  this  Foot,  we  reunite  all  the  Staves  together,  fo  that  they 
make,  as  it  were,  but  one,  and  by  this  means  are  fhorter  by  about  the  half,  than  when  the 
Foot  is  ufing. 

We  generally  hang  to  the  middle  of  each  of  thefe  Feet  a  Thread  and  Plummet,  in  order  to 
know  the  Station-Point. 

U  S  E  of  the  'Theodolite. 

To  take  the  Map  of  a  Country  by  this  Inftrument,  chufe  two  high  Places,  for  Example,  F- 
the  Obfervatcry,  and  the  Salt-Petre  Houfe,  from  whence  the  Country  nigh  Paris,  a  Map  of 
which  is  to  be  made,  may  be  feen  ;  then  mark  round  the  Center  of  the  upper  Pafteboard  the 
Name  of  the  Place  chofen  for  the  firft  Station,  and  having  fixed  it  by  means  of  the  Point  on 
the  Limb  of  the  Theodolite,  put  the  Index  upon  it,  which  fufficiently  fcrew  down  by  means 
of  the  Nut  and  Screw. 

Now  having  placed  the  Theodolite  upon  its  Foot,  planted  at  the  Obfervatory,  and  given  it 
a  Situation  nearly  horizontal,  fo  that  it  may  remain  fteddy  while  the  Index  is  moving,  obferve 
thro  the  Sights  the  Steeple  of  the  Salt-Petre  Houfe,  and  along  the  fiducial  Line  of  the  Index 
from  the  Center  draw  the  Station-Line. 

Then  turn  the  Index,  and  obferve  fome  remarkable  Objecl:  thro'  the  Sights,  as  the  Steeple 
of  Vaugirard,  towards  which  a  Line  muft  be  drawn  upon  the  Pafteboard,  from  the  Center, 
along  the  fiducial  Line  of  the  Index,  and  along  this  Line  write  the  Name  of  the  Place  viewed 
thro  the  Sights. 

Again,  direct  the  Index  towards  fome  other  Object  (as  Mont-rouge)  and  draw  a  Line  to- 
wards it  from  the  Center,  along  the  fiducial  Line,  and  upon  this  Line  write  the  Name  of  the 

Place' 
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Place  obferved.  Proceed  in  the  fame  manner  with  all  the  confiderable  Places  that  can  be 
feen  from  che  Obfervatory. 

Now  having  removed  the  Theodolite  from  its  firft  Station,  having  well  obferved  its  Place, 
and  tranfported  it  to  fome  other  defigned  Place,  as  to  the  Salt-Petre  Houfe  ;  mealure  the 
exact  Diftance  between  the  two  Stations  upon  level  Ground,  the  Number  of  Toi  fes  of  which 
muft  be  fet  down  upon  your  Pafteboard,  which  mull  now  be  turned,  or  taken  from  under 
the  Index,  that  fo  at  every  different  Station,  the  upper  Face  of  the  Pafteboard,  upon  which 
the  Index  is,  may  be  clean  :  then  fet  down  about  the  Center  of  this  new  Pafteboard,  the 
Name  of  the  Place  cf  your  fecond.  Station,  and  upon  the  Bafe  Line  the  Number  of  Toifes 
meafured,  that  fo  you  may  remember  this  Line  is  the  fame  as  that  on  the  precedent  Pafte- 
board. The  Theodolite  being  placed  here,  difpofe  it  fo,  that  placing  the  fiducial  Line  of 
the  Index  upon  the  Station  Line,  you  may  difcover  thro'  the  Sights,  the  Obfervatory,  which 
was  your  firft  Station. 
I  The  Inftrument  remaining  firm  in  this  Situation,  turn  the  Index,  and  fucceffively  view 

thro*  the  Sights  the  former  Objects  obferved  from  the  Obfervatory,  and  draw  Lines,  as  be- 
fore, upon  the  Pafteboard,  along  the  Index,  from  the  Center  towards  the  Places  view'd,  and 
upon  each  Line  write  the  correfpondent  Name  of  the  Place. 

If  all  the  Places  you  have  a  mind  to  fet  down  in  your  Map,  cannot  be  feen  from  the  two 
precedent  Stations,  you  muft  chufe  a  third  Place  from  whence  they  may  be  obferved,  and 
make  as  many  new  Stations,  as  are  neceflary  for  perceiving  each  remarkable  Object,  from 
|  two  Places  fufficiently  diftant  from  each  other. 

Now  to  reprefent  this  Map  upon  a  Sheet  of  Paper,  firft  draw  a  right  Line  at  pleafure  up- 
on it,  for  a  common  Bafe,  which  divide  into  the  fame  Number  of  equal  Parrs,  as  you  have 
meafured  Toifes  upon  the  Ground.  About  one  End  of  this  Line,  as  a  Center,  aefcribe  cir- 
cular Arcs  equal  to  thofe  drawn  upon  the  firft  Pafteboard,  and  upon  the  other  Extreme,  Arcs 
equal  to  thofe  drawn  upon  the  fecond  Pafteboard,  and  produce  the  Lines  forming  the  Arcs 
till  they  meet  each  other ;  then  the  Points  of  Concourfe,  will  be  the  Points  of  Poiition  of  the 
Places  obferved. 

The  aforefaid  Places  may  be  laid  down  upon  the  Paper  eafier,  by  placing  the  Centers  of 
the  Pafteboards  upon  the  Extremities  of  the  common  Bafe,  and  noting  upon  the  Paper  the 
Ends  of  the  Lines  drawn  upon  the  Pafteboard,  and  then  drawing  Lines  from  the  Stations 
thro'  thofe  Points  till  they  interfect. 

By  means  of  this  Theodolite  may  be  had  in  Degrees,  or  Parts,  all  the  Angles  that  the 
Places  view'd  thro  the  Sights  or  Telefcopes,  make,  with  the  Places  whereat  the  Inftrumenc 
is  placed. 

What  we  have  faid,  is  fufKcient  to  fhew  the  Manner  of  ufing  the  Theodolite  in  taking  the 
Pofition  of  Places,  and  making  of  Maps,  becaufe  the  Operations  are  the  fame  for  all  different 
Places ;  but  for  its  Ufes,  with  regard  to  Trigonometry,  they  are  the  fame  as  thofe  of  the 
Semi-circle  and  Quadrant,  of  which  we  are  going  to  treat. 

CHAP.     V. 

Of  the  Conflruttion  and  Vfes  of  the  Quadrant,    and  Geometrick 

Quadrat. 

F-    G>         HP  H  E  Figure  G,  reprefents  a  Quadrant  and  Geometrick  Square,   with  its  Index  and 

I      Sights. 

It  is  commonly  made  of  Brafs,  or  other  folid  Matter,  12  or  15  Inches  Radius,  and  an  an- 
fwerable  Thicknefs.  Its  Circumference  is  firft  divided  into  90  Degrees,  and  every  Degree 
into  as  many  equal  Parts  as  poffible,  without  Confufion,  and  in  fuch  manner,  that  the  Divi- 
fions  and  Subdivifions  may  be  juft,  and  very  diftinclly  marked  upon  the  Limb  of  the  Inftru- 
ment. 

To  do  which,  there  muft  firft  be  2  Arcs  drawn  nigh  the  Edge  of  the  Quadrant,  about  8 
or  9  Lines  diftant  from  each  other ;  and  after  having  divided  them  into  Degrees,  draw  Dia- 
gonal Lines  between  them,  from  the  firft  Degree  to  the  fecond,  from  the  fecond  to  the  third, 
and  fo  on  to  the  laft. 

After  which,  if  you  have  a  mind  to  fubdivide  every  Degree  into  10  Minutes,  there  muft  % 
other  concentrick  Arcs  be  defcribedfrom  the  Center  of  the  Inftrument,  cutting  all  the  afore- 
faid Diagonals  ;  but  if  every  Degree  is  to  be  fubdivided  into  Minutes,  there  muft  be  9  con- 
centrick Arcs  defcribed  between  thofe  two  firft  drawn. 

The  Diftances  between  all  thefe  Arcs,  muft  not  be  all  equal,  becaufe  the  Extent  of  aDe- 
gree  taken  in  the  Breadth  of  the  Limb,  forms  a  kind  of  Trapezium,  broader  towards  the  outc 
ward  Arc,  and  narrower  towards  the  inward  one ;  whence  a  mean  Arc  dividing  every  De- 
gree 
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gree  into  2  equal  Parts,  muft  be  nigher  the  inward  Arc  than  the  outward  one,  and  the  o- 
thers  in  proportion. 

To  make  theft  Subdivisions  exactly,  the  Diagonals  mud  be  Curve  Lines,  as  B  D  C,  de-  F-CT  « 
fcribed  in  making  the  Portion  of  a  circular  Arc  pafs  thro  the  Center  B,  the  beginning  of  the     °' 
ift  Degree  marked  D,  upon  the  inward  Arc,  and  the  End  C  of  the  fame  Degree,  on  the  out- 
ward Arc;  which  is  eafy  to  do  by  Ufe  18.  Lib.  1.  which  fhows  how  to  make  a  Circle  pafs 
thro  3  Points  given,  by  which  means  the  Point  F,  the  Center  of  the  Diagonal  Curve,    paffing 
thro1  the  firft  Degree,  will  be  found. 

Afterwards  one  of  thefe  Diagonal  Curves  muft  be  divided  into  equal  Parts,  and  from  the 
Center  of  the  Inftrument,  there  muft  be  drawn  as  many  concentrick  Arcs,  as  each  Degree  is 
to  have  equal  Parts. 

The  Reafon  of  this  Operation  is,  that  the  Diagonal  Curve  being  divided  into  equal  Parts, 
if  from  the  Center  of  the  Inftrument  there  are  drawn  right  Lines  thro  all  the  Points  of  Divi- 
fion  of  that  Arc,  there  will  be  had  (per  Prop.  27.  Lib.  ^.Eucl.)  as  many  equal  Angles  in  the 
Center,  becaufe  they  will  be  all  in  the  Circumference  of  the  fame  Circle,  and  ftand  upon 
equal  Arcs. 

But  fince  it  is  troublefome  to  find  the  Centers  of  90  Arcs,  each  paffing  thro  3  Points ;  and 
fince  it  is  manifeft,  that  all  the  Centers  of  thefe  Arcs  ought  to  be  placed  in  the  Circumfe- 
rence of  a  Circle  whofe  Center  is  the  Point  B ;  there  is  no  more  to  do  but  draw  a  Circle 
from  the  Center  B,  with  the  Diftance  B  F,  and  divide  its  Circumference  into  3  60  equal 
Parts  ;  upon  every  of  which,  fetting  one  Foot  of  your  Compafles,  you  may  defcribe  with  the 
fame  Extent  F  B,  all  the  Arcs  between  the  Circles  AC,  D E,  and  then  the  circular  Arcs, 
which  are  Diagonals  ,  will  likewife  divide  the  Circumferences,  upon  the  Limb  of  the  Inftru- 
ment, into  Degrees.  Note,  Becaufe  the  Figure  is  too  little,  it  is  divided  but  into  every  5th 
Degree. 

Diagonal  Curves  may  alfo  be  drawn  without  transferring  the  Foot  of  your  Compafles  from 
one  Degree  to  another,  upon  the  aforefaid  Arc,  in  fixing  the  Foot  of  your  Compafles  in  on- 
ly one  Point,  as  F,  and  letting  the  Inftrument  be  gradually  turned  about  the  Center  of  a  large 
Circle,  whofe  Limb  is  already  divided  into  Degrees,  by  means  of  a  Rule  ftrongly  faftened 
upon  the  Inftrument,  and  reaching  to  the  Divifions  of  the  large  Circle. 

Ingenious  Workmen  may  fhorten  their  Work  by  adjufting  a  fine  Steel  Ruler,  according  to 
the  Curvature  of  the  firft  Diagonal,  which  being  drawn,  by  this  means  they  may  draw  all 
the  others.  If  Diagonal  right  Lines  are  to  be  drawn  from  one  Degree  to  the  other,  the 
Lengths  of  the  Radii  of  each  of  the  Circumferences  cutting  the  Diagonals,  may  be  found  by 
Trigonometry,  an  Example  of  which  is  as  follows : 

Suppofe  a  Quadrant  be  6  Inches  Radius,  which  is  the  fmalleft  accuftomed  Co  be  divided  by 
Diagonals.  Suppofe  alfo  you  have  a  Scale  of  1000  equal  Parts,  and  that  the  Diftance  from 
the  inward  Arc  to  the  outward  one,  is  9  Lines,  anfwering  to  125  of  fuch  Parts,  whereof 
the  Radius  is  iooo ;  whence,  by  Calculation,  I  find  that  the  right-lined  Diagonal,  drawn 
from  one  Degree  to  that  which  follows  it,  is  126  of  the  fame  Parts;  and  that  the  Radius  of 
the  inward  Arc,  which  is  5  Inches,  3  Lines,  contains  875  of  them. 

The  obtufe  Angle  made  by  the  Radius  and  the  Diagonal,  is  172  Deg.  2  Min.  and  after- 
wards calculating  the  Lengths  of  the  Radii  of  the  Circumferences  cutting  the  Diagonals,  and 
dividing  them  into  every  10  Minutes,  I  find  that  the  Radius  of  10  Min.  is  894  of  the  fame 
equal  Parts,  inftead  of  896  which  it  would  have  contained,  if  the  Diftance  between  the  in- 
ward and  outward  Arc  had  been  divided  into  6  equal  Parts.  The  Radius  of  20  Minutes 
ought  to  contain  913  of  them,  inftead  of  917  ;  the  Radius  of  30  Minutes  ought  to  contain 
933  of  them,  inftead  of  938  ;  the  Radius  of  40  Minutes  ought  to  contain  954  of  them,  in- 
ftead of  959.  Laftly,  the  Radius  of  ?o  Minutes  ought  to  contain  977,  inftead  of  980,  which 
it  muft,  if  the  aforefaid  Diftance  be  divided  into  6  equal  Parts. 

The  greateft  Error,  which  is  about  5  Parts,  anfwers  to  about  |  of  a  Line,  which  may 
caufe  an  Error  of  2  Minutes ;  but  this  Error  diminifhes  in  proportion  as  the  Radius  of  the 
Quadrant  augments  in  refpeel  of  the  Diagonals,  fo  that  the  Error  will  be  lefs  by  half,  if  the 
Radius  of  the  Quadrant  be  one  Foot,  and  the  Diftance  of  the  inward  and  outward  Arcs  is 
but  9  Lines. 

What  we  have  faid  as  to  the  Divifions  of  the  Quadrant,  may  likewife  be  applied  to  Theo- 
dolites, Circles,  Semi-circles,  or  any  other  Portions  of  Circles  to  be  divided  into  Minutes* 

As  to  the  Geometrick  Square,  each  Side  of  it  is  divided  into  100  equal  Parts,  beginning 
at  the  Ends,  that  fo  the  Number  100  may  end  at  the  Angle  of  45  Degrees.  Thefe  Divifions 
are  diftinguifh'd  by  little  Lines  from  5  to  5,  and  by  Numbers  from  10  to  10  ;  all  thofe  Di- 
vifions being  produced  from  a  kind  of  Lattice,  both  ways  containing  10000  fmall  and  equal 
Squares. 

This  Quadrant  is  furnifhed  with  two  immoveable  Sights,  faftened  to  one  of  its  Semi-dia- 
meters, and  with  a  Thread  and  Plummet  fixed  to  the  Center,  as  likewife  a  moveable  Index, 
with  two  other  Sights,  faftened  to  the  Center,  with  a  Headed-Rivet.  The  Sights  are  nearly 
like  thofe  belonging  to  the  Theodolite. 

Inftead  of  immoveable  Sights,  there  is  fometimes  faftened  to  one  of  .the  Radius's  of  the 
Quadrant  a  Telefcope,  and  then  the  ift  Point  of  Divifion  of  the  Circumference  may  be 

F  f  found 
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found  in  the  ^ani'ler  as  is  explai'iY-ed  h'ereafcei*  iti  the  Agronomical  Quadrant :  for  this  Qua- 
drant is  deiigncd  only  to  take  the  Heights  and  Diftance  of  Places  on  Earth. 

Uprn  the  under  Surface  of  this  Quadrant,  is  a  Ball  and  Socket  faftened  with  3  Screws,  by 
means  of  which  it  may  be  put  into  any  Pofitioh  fit  for  Ufe. 

This  Inftrumcnt  may  be  put  in  Utein  different  Situations;  for  firft,  it  may  be  fo  difpofed 
that  its  Plane  may  be  at  right  Angles  with  the  Horizon,  for  observing  Heights  and  Depths, 
which  may  yet  b'e  done  two  different  Ways,,  viz,,  in  ufing  the  fixed  Sights,  and  the  Thread 
and  Plummet,  and  then  neither  of  its  Sides  will  be  found  parallel  to  the  Horizon;  or  elfe  by 
keeping  the  Sighf. 5  ij.Uened  to  the  Ifidex  moveable,  and  then  one  of  the  Semi-diameters  of  the 
Quadrarit  will  always  be  parallel  to  the  Horizon,  and  the  other  perpendicular  :  which  may  be 
dene  by  means  of  a  Plummet  fufpended  in  the  Center,  and  then  the  fixed  Sights  are  ufelefs. 

Finally,  the  Quadrant  may  be  placed  fo  as  its  Plslne  may  be  parallel  to  the  Horizon,  for 
obferving  horizontal  Diftarices  With  the  Index  and  immoveable  Sights,  and  then  the  Thread, 
v        with  its  Plummet,  is  not  ill  tife. 

Ufes  of  the  fhicidrcuit,  with  two  fixed  Sights  a?id  a  cPliim7net. 

USE  I.  To  take  the  Height  6r  Depth  of  any  ObjeEl  in  Degrees. 

As  fuppofe  the  Height  of  a  Star  or  Tower  is  to  be  taken  in  Degrees ;  place  the  Quadrant 
vertically,  then  place  your  Eye  under  that  fixed  Sight  next  the  Circumference  of  the  Qua- 
drant, and  direft  it  fo,  that  the  vifual  Rays  parting  through  the  Holes  of  the  Sights,  may 
tend  to  the  Point  of  the  Object  propofed  :  (as  to  the  Sun,  it  is  fufficient  that  its  Rays  pafs 
thro  the  aforefaid  Holes)  then  the  Arc  of  the  Circumference  contained  between  the  Thread 
and  its  Plummet,  and  the  Semi-diameter  on  which  the  Sights  are  faftened,  will  fhow  the 
Complement  of  the  Star's  Height  above  the  Horizon,  or  its  Diftance  from  the  Zenith  : 
Whence  the  Arc  contained  between  the  Thread,  and  the  other  Semi-diameter  towards  the 
O'bjecTr,  fhows  its  Height  above  the  Horizon.  The  fame  Arc  likewife  determines  the  Quan- 
tity of  the  Angle  made  by  the  vifual  Ray,  and  a  horizontal  Line,  parallel  to  the  Bafe  of  the 
Tower. 

But  to  obferve  Depths,  as  thofe  of  Wells  or  Ditches,  the  Eye  muft  be  placed  over  that 
Sight,  which  is  next  the  Center  of  the  Quadrant. 

The  whole  Operation  confifts  in  calculating  Triangles  by  the  Rule  of  Three,  formed  in 
the  Porportion  of  the  Sines  of  Angles,  to  the  Sines  of  their  oppofitc  Sides,  according  to  the 
Rules  of  right-lined  Trigonometry,  of  Which  We  are  now  going  to  give  fome  Examples. 

U  S  E  II.     Let  it  be  required  to  find  the  Height  of  the  Tower  A  B,  whofe  Bafe  is  acceffible. 
Fig.  i.  Having   planted  the  Foot  of  your  Ihftrument  in   the  Point  C,  look  at  the  Top   of  the 

Tower  thro  the  fixed  Sights  ;  then  the  thread  of  the  Plummet  freely  playing,  will  fix  itfelfc 
Upon  the  Number  of  Degrees,  determining  the  Quantity  of  the  Angle  made  at  the  Center  of 
the  Quadrant,  by  the  vifual  Ray,  and  the  horizontal  Line,  parallel  to  the  Bafe  of  the  Tower, 
accounting  the  Degrees  contained  between  the  Thread  and  the  Semi-diameter  next  to  the 
Tower. 

Now  fuopole  the  Thread  fixes  Upon  35  Deg.  35  Min.  and  having  exaftly  meafured  the 
level  Diftance  from  the  Foot  of  the  Tower,  with  a  Chain,  to  the  Place  of  Obfervation,  you 
will  find  it  .17  Feet ;  then  there  will  be  3  things  given,  to  wit,  the  Side  BC,  and  the  An- 
gles of  the  Triangle  ABC:  for  fince  Walls  are  always  fuppofed  to  be  built  upright,  the 
Angle  B  is  a  right  Angle,  or  90  Deg.  and  confequently  the  2  acute  Angles  A  and  C,  are  to- 
gether equal  to  90  Degrees,  becaufe  the  three  Angles  of  any  right-lined  Triangle,  are  equal 
to  180  Degrees,  or  2  right  Angles. 

Now  the  Angle ^obferved,  is  3  5  Deg.  35  Min.  whence  the  Angle  A  is  54  Deg.  25  Min. 
therefore  you  may  form  this  Analogy,  As  the  Sine  of  54'Deg.  25  Min.  is  to  47  Feet,  fois  the 
Sine  of  3  5  Deg.  35  Min.  to  a  fourth  Term,  which  will  be  found  33  I  Feet ;  to  which  adding 
5  Feet,  the  Height  of  the  Obferver's  Eye,  and  the  Height  of  the  propofed  Tower  will  be 
found  38  I  Feet. 

(J  S  E  III.     Let  it  be  required  to  find  the  Height  of  the  inaccejfible  Tower  D  E. 
Pig,  „,  In  this  Cafe  two  Obfervations  muft  be  made,  as  follows: 

Place  the  Foot  of  your  Quadrant  in  the  Point  F,  and  look  thro  the  two  immoveable  Sights  to 
the  Top  of  the  Tower  D  ;  then  fee  on  what  Degree  the  Thread  of  the  Plummet  fixes,  which 
fuppofe  on  the  34th.  This  being  done,  remove  the  Inftrument,  planting  a  Staff  in  its  Place, 
and  fet  it  up  in  fome  other  Place  level  to  the  Place  it  was  in  before,  as  in  the  Point  G,  in 
the  fame  right  Line,  and  look  thro  the  afore-mentioned  Sights,  at  the  Point  D  of  the 
Tower.  Note  the  Point  in  the  Limb  of  the  Quadrant  that  the  Thread  cuts,  which  fuppofe 
20  Degrees.  Meafure  likewife  very  exaclly,  the  Diftance  between  the  two  Stations,  which 
fuppofe  0  Toifes,  or  54  Feet. 

This,  being  done,  all  the  Angles  of  the  Triangle  D  F  G  will  be  known,  as  alfo  the  Side 
FG  meafured;  by  which  means  it  will  be  eafy  to  find  the  Side  D  F,  and  afterwards  the 
S:de  E  D,  by  making  the  following  Analogies. 

The 
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The  Angle  EF  D  being  found  34  Deg.  its  Complement  DFG  to  180  Deg.  will  be  146 
Deg.  and  the  Angle  G  having  been  found  20  Deg.  it  follows  that  the  Angle  FDGis  14  De^. 
therefore  fay,  As  the  Sine  of  14  Deg.  is  to  54  Feet,  fo  is  the  Sine  of  20  Deg.  to  a  fourth  Term, 
which  will  be  76  Feet,  and  about  ~,  for  the  Side  D  F  :  then  fay,  As  Radius  is  to  the  Hypo- 
thenufe  FD,  fo  is  the  Sine  of  the  Angle  DFE,  to  the  Side  ED,  which  will  be  found 
42  -  Feet ;  to  which  adding  5  Feet,  the  Height  of  the  Center  of  the  Inftrument  above  the 
Ground,  and  there  will  be  had  47  f  Feet,  for  the  Height  of  the  Tower  propofed. 

Thefe  Calculations  are  much  better  made  with  Logarithms,  than  by  common  Numbers, 
becaufe  they  may  be  done  by  only  the  help  of  Addition  and  Subftra&ion,  as  is  more  fully  ex- 
plained  in  Books  of  Trigonometry. 

Thefe  Propofitions,  and  others  the  like,  may  be  alfo  geometrically  folved,  by  making  Tri- 
angles fimilar  to  thofe  formed  upon  the  Ground.  • 

As  to  folve  the  prefent  Queftion,  make  a  Scale  of  10  Toifes,  that  is,  draw  the  right  Line 
A  B  fo  long,  that  the  Divilion  of  it  may  be  exact ;  and  then  divide  it  into  10  equal  Parts, 
and  fubdivide  one  of  thefe  Parts  into  6  more,  to  have  a  Toife  divided  into  Feet. 

Then  draw  the  indeterminate  Line  E  G,  and  make  with  a  Line  of  Chords,  or  Protractor, 
an  Angle  at  the  Point  G  of  20  Degrees,  and  draw  the  indeterminate  Line  G  D.  Lay  off 
9  Toifes,  or  54  Feet,  from  G  to  F  ;  then  make  at  the  Point  F  an  Angle  of  34  Degrees, 
and  draw  the  Line  F  D,  cutting  the  Line  G  D  in  fome  Point  as  D,  from  which  let  fall  the 
Perpendicular  D  E,  which  will  reprefent  the  Height  of  the  propofed  Tower,  and  meafuring 
it  with  the  Scale,  you  will  find  it  to  contain  47  Feet,  8  Inches.  All  the  other  Sides  of  thefe 
Triangles  may  likewife  be  meafured  with  the  fame  Scale. 

USE  IV.     To  find  the  Breadth  of  a  Ditch ,  or  Well,  zvhofe  Depth  may  be  measured. 
Let  it  be  propofed  to  meafure  the  Breadth  of  the  Ditch  C  D,  which  may  be  approached.  Fig.  4. 
Place  the  Quadrant  upon  the  Brink  in  the  Point  A,  fo  that  you  may  fee  thro'  the  Sights 
the  Bottom  of  the  Ditch,  at  the  Point  D  ;  then  find  the  Angle  made   by  the  Thread  upon 
the  Limb,  which  fuppofe  is  £3  Degrees,  and  meafure  the  Depth  A  C,  from  the  Center  of  the 
Quadrant,  which  fuppofe  25  Feet  5    then  make  a  fimilar  right-angled  Triangle,  one  of  whofe 
,  acute  Angles  is  63  Degrees,  (and  confequently  the  other  will  be  27  Degrees)  and  the  leafl 
Side  is  25  Parts  of  fome  Scale.     Laftly,  meafure  with  the  fame  Scale  the  Side  CD,  which 
■will  be  about  49  ;  therefore  the  Breadth  of  the  Ditch  is  49  Feet. 

U  S  E  of  the  Geofiietrick  Quadrat. 

The  Quadrant  being  vertically  placed,  and  the  Sights  directed  towards  the  Top  of  the  Fig.  G, 
Tower  propofed  to  be  meafured;  if  the  Thread  of  the  Plummet  cuts  the  Side  of  the  Qua- 
drat, whereon  is  writ  right  Shadows,  the  Diftance  from  the  Bafe  of  the  Tower,  to  the  Point 
of  Station,  is  lefs  than  the  Tower's  Height :  if  the  Thread  falls  upon  the  Diagonal  of  the 
Square,  the  Diftance  is  equal  to  the  Height ;  but  if  the  Thread  falls  upon  the  Side  of  the 
Square,  whereon  is  writ  verfed  Shadows,  the  Diftance  of  the  Tower  from  you,  is  greater  than, 
its  Height. 

Now  having  meafured  the  Diftance  from  the  Foot  of  the  Tower,  its  Height  may  be  found 
by  the  Rule  of  Three,  in  having  3  Terms  known,  but  their  Difpofition  is  not  always  the 
fame  ;  for  when  the  Thread  cuts  the  Side,  denoted  right  Shadow,  the  firft  Term  of  the 
Rule  of  Three,  ought  to  be  that  part  of  the  Side  cut  by  the  Thread,  the  fecond  Term  will 
be  the  whole  Side  of  the  Square,  and  the  third,  the  Diftance  meafured. 

But  when  the  Thread  cuts  the  other  Side  of  the  Square,  the  firft  Term  of  the  Rule  of 
Three,  muft  be  the  whole  Side  of  the  Square ;  the  fecond  Term,  the  Parts  of  that  Side  cut 
by  the  Thread  ;  and  the  third,  the  Diftance  meafured. 

Suppofe,  for  Example,  that  looking  to  the  Top  of  a  Tower,  the  Thread  of  the  Plummet 
cuts  the  Side  of  right  Shadows  in  the  Point  40,  and  that  the  Diftance  meafured  is  20  Toifes ; 
I  order  the  Rule  of  Three  in  the  following  manner  ;  [40.  100.  20. 

Multiplying  20  by  100,  and  dividing  the  Product  2000  by  40,  there  will  be  found  the 
fourth  Term  50,  which  fhews  the  Height  of  the  Tower  to  be  50  Toifes. 

But  if  the  Thread  of  the  Plummet  falls  on  the  other  Side  of  the  Square,  as,  for  Example, 
upon  the  Point  60,  and  the  Diftance  meafured  is  35  Toifes ;  difpofe  the  three  firft  Terms  of 
the  Rule  of  Three  thus,  [100.  60.  35. 

Multiply  3  5  by  60,  and  the  Product  2100  being  divided  by  100,  will  give  21  for  the 
Height  of  the  Tower. 

U  S  E  of  the  Qiiadrat  without  Calculation, 
All  the  aforefaid  Operations,  with  many  others,  may  be  made  without  Calculation,  as  we 
fhall  make  maniteft  by  fome  Examples. 

USE  I.    Let  us  fuppofe  (as  we  have  already  .done)  that  the  Thread  falls  upon  40  on  the    . 
Side  of  right  Shadows,  and  that  the  Diftance  meafured  is  20  Toifes;  feek  amongft  the  little    s' 
Squares  for  that  Perpendicular  to  the  Side,  which  is  20  -Parts  from  the  Thread,  and  that 
Perpendicular  will  cut  the  Side  of  the  Square  next  to  the  Center  in  the  Point  50,  which  will 
be  the  Height  of  the  propofed  Tower  in  Toifes. 

■USE 
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USE  II.  But  if  the  Thread  cuts  the  Side  of  verfed  Shadows  in  the  Point  6o,  and  the 
Diftance  is  3  5  Toifes,  count  upon  the  Side  of  the  Quadrant,  from  the  Center,  3  5  Parts ; 
count  alfo  the  Divifions  of  the  Perpendicular  from  that  Point  35  to  the  Thread,  which  will 
be  21,  the  Height  of  the  propofed  Tower  in  Toifes. 

Note,  In  all  Cafes  the  Height  of  the  Center  of  the  Inftrument  above  the  Ground,  mufl  be 
added. 

USE  III.    To  take  an  inacceffible  Height  with  the  Qjtadrat. 

To  do  which,  there  muft  be  made  two  Stations,  whofe  Diftance  muft  be  meafured, 
and  then  there  will   be  three  Cafes. 

CASE  I.  When  the  right  Shadow  is  cut  in  both  Stations  by  the  Thread. 
•  Let  us  fuppofe,  for  Example,  that  at  the  firft  Obfervation  the  Side  of  right  Shadows  is  cut 

in  the  Point  30,  and  the  Inftrument  being  removed  20  Toifes  to  a  fecond  Station,  the  Side  of 
right  Shadows  is  cut  in  the  Point  70 ;  then  note  the  Pofition  of  the  Thread  in  thefe  two  Sta- 
tions, by  drawing  a  Line  upon  the  Lattice  with  a  Pencil,  from  the  Center  to  the  aforefaid 
Point  30,  and  another  to  the  Point  70.  Seek  between  thefe  two  Lines  a  Portion  of  a  Parallel, 
which  may  have  as  many  Parts  as  the  Diftance  meafured  has  Toifes,  which  in  this  Example 
muft  be  20  :  then  the  faid  Parallel  being  continued,  will  meet  the  Number  50,  counting  from 
the  Center,  whence  the  Height  of  the  Tower  obferved,  will  be  50  Toifes.  You  will  likewife 
by  the  fame  means  find  that  the  Diftance  from  the  Bafe  of  the  Tower,  to  the  firft  Station, 
is  15  Toifes,  becaufe  there  is  15  Parts  contained  upon  the  Parallel  between  the  Number  50, 
and  the  Line  drawn  with  the  Pencil  to  the  Number  30. 

Inftead  of  drawing  Lines  with  a  Pencil,  two  Threads  faftened  to  the  Center  will  do,  one 
of  which  may  be  the  Thread  of  the  Plummet. 

CASE  II.  Wlien  the  Side  of  verfed  Shadow  is  cut  at  both  Stations  by  the  Thread. 
Suppofe,  in  the  firft  Station,  that  the  Thread  cuts  the  Side  of  verfed  Shadows  in  the  Point 
80,  and  that  being  removed  15  Toifes  to  another  Station,  the  Thread  falls  upon  the  Num- 
ber 50  on  the  fame  Side.  Mark  with  a  Pencil  upon  the  Lattice,  the  two  different  Pofitions 
of  the  Thread  in  both  Stations,  and  find  between  thefe  two  Lines,  a  Portion  of  a  Parallel 
containing  as  many  Parts  as  the  Diftance  meafured  contains  Toifes,  which,  in  this  Example, 
is  15  Toifes:  to  thefe  17  Parts  add  25,  which  is  the  Continuation  of  the  fame  Parallel  to 
the  Side  of  the  Square  next  to  the  Center,  and  the  Sum  makes  40  ;  whence  the  Diftance  of 
the  Tower,  from  the  fecond  Station,  is  40  Toifes  :  and  to  find  its  Height,  feek  the  Num- 
ber 40  upon  the  Side  of  the  Square  next  the  Center,  and  count  from  that  Number  to  the 
firft  Line  drawn  on  the  Lattice  with  the  Pencil,  the  Parts  of  the  Parallel,  which  in  this 
Example  will  be  found  20  ;  therefore  the  Height  of  the  Tower  is  20  Toifes,  by  always 
adding  the  Height  of  the  Quadrant. 

CASE  III.  If  in  one  Station  the  Thread  falls  upon  the  Diagonal  of  the  Square,  and  in 
the  other  it  cuts  the  Side  of  right  Shadows,  you  muft  proceed  in  the  fame  manner  as  when  the 
Thread  at  both  Stations  falls  upon  the  Side  of  right  Shadows. 

But  when  the  Thread  falis  along  the  Diagonal  in  one  Station,  and  upon  the  Side  of  verfed 
Shadows  in  the  other,  you  muff  proceed  in  the  fame  manner,  as  when  the  Thread  cuts,  at 
both  Stations,  the  Side  of  verfed  Shadows. 

The  Reafon  of  all  this  is,  becaufe  there  is  always  made  upon  the  Lattice  a  little  Triangle 
fimilar  to  a  great  one,  made  upon  the  Ground,  altho  diverfly  pofited.  The  Line  made  by 
the  Thread  and  Plummet  always  reprefents  the  Vifual  Ray ;  the  two  other  Sides  of  the 
little  Triangle,  which  make  a  right  Angle,  reprefent  the  Height  of  the  Tower  and  its 
Diftance;  and  when  the  Thread  cuts  the  Side  of  right  Shadows,  the  Height  is  reprefented 
by  the  Divifions  of  the  Sides  of  the  Lattice,  which  is  perpendicular  to  the  Side  of  the  Qua- 
drat ;  but  when  the  Thread  cuts  the  Side  of  verfed  Shadows,  the  Diftance  is  reprefented 
by  the  Divifions  of  the  Side  diftant  from  the  Center,  and  the  Height  by  the  Perpendicular  an- 
fwering  to  the  Number  of  Divifions  of  the  fame  Side. 

USE  IV.  To  find  the  Depth  of  a  Ditch  or  Well. 
The  Breadth  of  the  Ditch  (or  Well)  muft  firft  be  meafured,  and  afterwards  you  mufl 
place  the  Quadrant  upon  the  Brink,  and  look  thro  the  two  Sights,  till  you  fee  the  oppofite 
Point,  where  the  Surface  of  the  Water  touches  the  Side  of  the  Ditch  ;  then  the  Thread  will 
cut  the  Parallel,  anfwering  to  the  Feet  or  Toifes  of  the  Ditch's  Breadth  ;  and  that  Perpendi- 
cular, at  which  the  Parallel  ends,  will  determine  the  Depth,  from  which  muft  be  fubflra&cd 
the  Height  of  the  Inftrument  above  the  Brink  of  the  Ditch. 

USE  of  the  Qyadrant  in  taking  of  Heights  and  "Diftances,  by  means  of  an 

Index  and  its  Sights. 

Place  the  Quadrant  fo  that  its  Plane  may  be  at  right  Angles  with  the  Plane  of  the  Hori- 
zon, and  one  of  its  Sides  parallel  thereto,  which  will  be  done  when  the  Plummet,  freely  hang- 
ing, falls  along  the  other  Side  of  the  Quadrant.  In 
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In  this  Situation  the  two  fixed  Sights  are  of  no  Ufe,  unlefs  they  are  ufed  to  obferve  the 
Diftance  between  two  Stars,  and  then  the  Quadrant  muft  be  inclined,  by  directing  the  im- 
moveable Sights  towards  one  Star,  and  the  moveable  ones  towards  the  other;  and  the  Num- 
ber of  Degrees,  comprehended  between  them,  will  be  the  Diftance  of  the  Stars  in  Degrees. 

If  it  is  ufed  to  obferve  an  Height,  the  Center  of  the  Inftrument  muft  be  above  the  Eyej 
but  if  a  Depth  is  to  be  obferved,  the  Eye  muft  be  above  the  Center  of  the  Inftrument. 

USE  I.  To  take  an  Height,  as  that  of  a  Tower,  whofe  Bafe  is  acceffible. 
Having  placed  the  Quadrant,  as  already  fliewn,  turn  the  Index,  fo  that  you  may  fee  the 
Top  of  the  Tower  thro'  the  two  Sights  ;  and  the  Arc  of  the  Limb  of  the  Quadrant,  be- 
tween that  Side  of  it  parallel  to  the  Horizon,  and  the  Index,  will  be  the  Height  of  the 
Tower  in  Degrees.  If  afterwards  the  Diftance  from  the  Foot  of  the  Tower,  to  the  Place 
where  the  Inftrument  ftands,  be  exactly  meafured,  there  will  be  three  things  given  in  the 
Triangle  to  be  meafured  ;  namely,  the  Bafe,  and  the  two  Angles  made  at  its  Ends,  one  of 
which  will  be  always  a  right  Angle,  becaufe  the  Tower  is  fuppofed  to  be  built  upright,  and 
the  other  the  Angle  before  obferved  ;  whence  the  other  Sides  of  the  Triangle  may  be  found 
by  the  Rules  of  right-lined  Trigonometry,  or  elfe  without  Calculation,  by  drawing  a  little 
Triangle  fimilar  to  the  great  one,  whofe  Bafe  is  the  Ground,  and  Perpendicular  the  Height 
of  the  Tower  ;  or  otherwife  by  the  Geornetrick  Square,  in  obferving,  that  in  that  Por- 
tion of  the  Quadrant,  the  Side  of  right  Shadows  ought  always  to  be  parallel  to  the  Horizon, 
and  the  Side  of  verfed  Shadows  perpendicular  thereto. 

USE  II.  To  find  the  Height  of  a  Tower,  whether  acceffible  or  inacceffible,  by  means  of  the  Quadrat. 
In  the  aforementioned  Pofition  of  the  Quadrant,  there  are  always  formed,  in  the  Quadrat, 
little  fimilar  Triangles,  whofe  homologous  Sides  are  parallel  and  fimilarly  pofited  to  thofe  of 
the  great  ones  formed  upon  the  Ground  ;  by  which  means  the  Operations  are  rendered  more 
fimple  and  eafy  than  in  the  other  Situation  of  the  Quadrant ;  as  we  come  now  to  explain,  by 
making  three  different  Suppofitions,  according  to  the  different  Cafes  that  may  happen. 

CASE  I.  Let  us  fuppofe,  for  Example,  that  having  obferved  the  Height  of  a  Tower, 
whofe  Bafe  is  acceffible,  thro'  the  Sights  of  the  Index,  the  Index  cuts  the  Side  of  right  Sha- 
dows in  the  Point  40,  and  the  Diftance  to  the  Bafe  of  the  Tower  is  20  Toifes  ;  feek  among 
the  Parallels  to  the  Horizon,  from  that  which  paffes  thro' the  Center  to  the  Index,  the  Pa- 
rallel of  20,  (becaufe  20  Toifes  is  the  Diftance  fuppofedj  and  you  will  find  that  it  terminates 
at  the  Number  50,  on  the  perpendicular  Side  of  the  Square,  reckoning  from  the  Center  j 
whence  the  Height  of  the  Tower  is  50  Toifes  above  the  Center  of  the  Inftrument. 

CASE  II.  Suppofe,  in  another  Obfervation,  that  the  Index  cuts  the  Side  of  verfed  Sha- 
dows in  the  Point  60,  and  the  Diftance  meafured  is  3  5  Toifes  ;  count  from  the  Center  of  the 
Quadrant  upon  the  Side  parallel  to  the  Horizon  3?,  and  from  this  Point,  reckoning  the  Parts 
of  the  Perpendicular,  to  the  Interferon  of  the  Index,  and  you  will  find  2 1 ;  whence  the 
Height  of  the  Tower  is  21  Toifes. 

CASE  III.  Lafily,  Suppofe  the  Bafe  of  theTower  to  be  inacceffible,  and  that  there  muft 
be  made  two  Stations  (as  we  have  faid  before) ;  the  Height  of  it  may  be  found  without  any 
Diftinclion  of  right  or  verfed  Shadows  :  for  having  meafured  the  Diftance  between  the  two 
Station?,  and  drawn  two  Lines  in  the  Quadrat,  ihewing  the  Situation  of  the  Index  in  thofe 
two  Stations,  find  between  thofe  two  Lines  a  Portion  of  a  Parallel  to  the  Horizon,  which 
fhall  have  as  many  Parts,  as  the  Diftance  meafured  contains  Toifes  :  then  if  you  continue 
that  to  the  perpendicular  Side  of  the  Square  diftant  from  the  Center,  you  will  there  find  a 
Number  expreffing  the  Height  of  the  Tower,  and  the  Continuation  of  that  Parallel  to  this 
Number,  will  fliow  the  Diftance  to  the  Bafe  of  the  Tower. 

Note,  In  this  Situation  of  the  Quadrant,  horizontal  Diftances  are  always  reprefented  in  the 
Quadrat  by  Lines  parallel  to  the  Horizon,  and  Heights  are  always  reprefented  by  Lines  per- 
pendicular to  the  Horizon,  which  renders  (as  we  have  already  faid)  Operations  more  eafy. 

It  does  not  happen  fo  in  that  other  vertical  Pofition  of  the  Quadrant,  when  the  fixed  Sights 
are  ufed  ;  for  if  in  obferving  the  Height  of  an  inacceffible  Tower,  the  Thread  of  the  Plum- 
met in  one  Station  falls  upon  the  Side  of  right  Shadows,  and  in  the  other  Station,  on  the 
Side  of  verfed  Shadows,  the  Diftance  between  the  two  Lines  drawn  with  a  Pencil  on  the  Lat- 
tice, crolfes  the  Squares  of  the  Lattice  by  their  Diagonals,  which  will  not  have  common 
Meafures  with  the  Sides ;  whence  it  cannot  be  ufed  to  find  the  Height  of  the  propofed  Tower. 

U  S  E  of  the  gtiadra/tt  in  meafuring  of  Horizo7ital  7)ifia//ces. 

Altho  a  Quadrant  is  not  fo  proper  to  meafure  horizontal  Diftances,  as  a  Semi-circle  or 
■whole  Circle,  becaufe  by  it  obtufe  Angles  cannot  well  be  taken,  yet  we  fhall  here  give  fome 
Ufes  of  it  by  means  of  the  Quadrat.  Place  the  Quadrant  upon  its  Foot  nighly  parallel  to  the 
Horizon ;  for  there  is  no  Neceffity  of  its  Plane  being  perfectly  level,  becaule  fometimes  it 
muft  be  inclined  to  perceive  Objects  thro'  the  Sights. 

Then  put  the  Foot  of  the  Inftrument  in  the  Line  to  be  meafured,  and  make  two  Obfer- 
vations  in  the  following  manner,  not  ufing  the  Plummet,  but  the  four  Sights. 

G  g  Suppofe 
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Rig.  5,  Suppofe,  for  Example,  the  perpendicular  Diftance  A  B  is  to  be  meafured  ;  plant  feveral 

Staffs  in  the  Line  ACD,  and  the  Quadrant  in  the  Point  A,  in  fuch  manner  that  the  two 
fixed  Sights  may  be  in  the  Line  A  C,  and  the  Point  B  may  be  feen  thro'  the  two  moveable 
Sights,  placed  at  right  Angles  with  the  Line  A  C  :  then  remove  the  Quadrant,  planting  a 
Staff  in  its  place,  and  meafure  from  A  towards  C,  any  Length ;  as,  for  Example,  18  Toifes ; 
at  the  End  of  which,  having  placed  the  Inftrument,  fo  that  the  two  fixed  Sights  may  be  in 
the  Line  A  C,  move  the  Index  till  you  fee  the  Point  B  thro'  its  Sights,  and  you  will  have  up- 
on the  Lattice  a  little  Triangle,  fimilar  to  the  great  one  made  upon  the  Ground ;  therefore 
ieek  amongft  the  Parallels  cut  by  the  Index,  that  which  contains  as  many  Parts  as  the  Diftance 
meafured  does  Toifes ;  that  is,  in  this  Example,  18,  which  will  terminate  on  the  Side  of 
the  Quadrant,  at  a  Number  containing  as  many  Parts  as  there  are  Toifes  in  the  Line  A  B 
propofed  to  be  meafured. 

The  Diftance  A  B  may  yet  otherwife  be  found,  whether  perpendicular  or  not,  without 
making  a  Station  at  right  Angles  with  the  Point  A. 

Suppofe,  for  Example,  that  the  firft  Station  is  made  in  the  Point  C,  and  the  fecond  in  the 
Point  D ;  draw  upon  the  Lattice  two  right  Lines  with  a  Pencil,  or  otherwife,  fhewing  the 
two  different  Pofitions  of  the  Index  in  both  the  Stations ;  and  having  meafured  the  Diftance 
of  the  Points  C  and  D,  which  fuppofe  20  Toifes,  feek  between  the  two  Lines  drawn  witn  a 
Pencil,  a  Portion  of  a  Parallel  which  is  20  Parts,  and  that  will  correfpond,  upon  the  Semi- 
diameter  of  the  Geometrick  Quadrat,  to  a  Number,  which,  reckoned  from  the  Center,  will 
contain  as  many  Parts  as  the  right  Line  A  B  does  Toifes. 

You  will  likewife  find  the  Lengths  of  the  Diftances  C  B  and  D  B,  by  the  Divifions  of  the 
Index;  for  there  is  upon  the  Lattice  a  little  oblique-angled  Triangle  fimilar  to  the  greac 
one  CDB  upon  the  Ground. 
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CHAP.    VI. 

Of  the  Conflruffion  and  Vfes  of  the  Semi-circle. 

Fi<*.  I. &K.  ^TPHESE  Inftruments  which  are  alfo  called  Graphometers,  are  made  of  beaten  or  caPt 
J£  Brafs,  from  7  Inches  Diameter  to  15  ;  the  Divifions  of  them  are  made  in  the  fame 
manner  as  thofe  of  the  Theodolite  and  Quadrant,  before  explained.  The  fimpleft  or  thefe 
Inftruments,  is  that  of  Fig.  K  ;  at  the  Ends  of  its  Diameter,  and  in  little  fquare  Holes  made 
upon  the  fiducial  Line,  there  is  adjufted  two  fixed  Sights,  fattened  with  Nuts  underneath,  and 
upon  its  Center  there  is  a  moveable  Index  furnifhed  with  two  other  Sights,  made  in  the  fame 
manner  as  thofe  before  mentioned  for  the  Theodolite,  and  which  is  faftened  with  a  Screw. 
There  is  a  Compafs  placed  in  the  Middle  of  its  Surface,  for  finding  the  North  Sides  of  Planes. 
There  is  alfo  fixed  underneath  to  its  Center,  a  Ball  and  Socket,  like  that  mentioned  in  the 
Conftruction  of  the  Theodolite,  and  for  the  fame  Ufe. 

Note,  Thefe  Inftruments  ought  to  be  well  ftraightned  with  hammering ;  then  they  muft 
be  fafhion'd  with  a  rough  File,  and  afterwards  fmoothed  with  a  Baftard-File,  and  a  fine  one. 
When  they  are  filed  enough,  you  muft  fee  whether  they  are  not  bent  in  filing  ;  if  they  are, 
they  ought  to  be  well  ftraightned  upon  a  Stone,  or  very  plain  Piece  of  Marble  ;  then  they 
muft  be  rubbed  over  with  Pumice-Stone  and  Water,  to  take  away  the  Tra<5ls  of  the  File. 
To  polifh  Semi-circles  well,  as  alfo  any  other  Inftruments,  you  muft  ufe  German-Slate  Stone, 
and  very  fine  Charcoal,  fo  that  it  does  not  fcratch  the  Work  :  afterwards,  to  brighten  them, 
you  muft  lay  a  little  Tripoli,  tempered  in  Oil,  upon  a  Piece  of  Shamoy,  and  rub  it  over  them. 

The  Semi-circle  I,  carries  Telefcopes  for  feeing  Objects  at  a  good  Diftance,  and  has  the 
Degrees  of  its  Limb  divided  into  Minutes,  by  right-lined  or  curved  Diagonals,  as  in  the 
Quadrant  before-mentioned. 

There  is  one  Telefcope  placed  underneath  along  the  Diameter  of  the  Semi-circle,  whofe 
Ends  are  B  B  ;  and  another  Telefcope  adjufted  to  the  Index  of  the  Semi-circle.  When  the 
fiducial  Line  cuts  the  Middle  of  the  Index,  the  Telefcope  faftened  to  it  muft  be  a  little  fhor- 
ter  than  the  Index,  to  the  end  that  the  Degrees  cut  by  the  fiducial  Line  may  be  feen ;  but 
the  be  ft  way  is  for  the  Telefcopes  to  be  of  equal  Length,  and  then  the  fiducial  Line,  muft  be 
drawn  from  the  End  C,  palfing  thro'  the  Center  of  the  Semi-circle,  and  terminating  in  the 
oppofite  End  D.  The  two  Ends  of  the  Index  are  cut  fo  as  to  agree  with  the  Degrees  upon 
the  Limb,  as'  may  be  feen  at  the  Places  C  F,  G  D,  in  fuch  manner  that  the  Line  CFEG  D, 
may  be  the  fiducial  Line  of  the  Semi-circle. 

Note,  The  Degrees  on  this  Semi-circle  do  not  begin  and  end  at  the  Diameter,  as  in  others, 
but  at  the  Lilies  C  F,  G  D,  when  the  Telefcopes  are  fo  placed  over  each  other,  that  the  vi- 
fual  Rays  agree.  To  make  which,  the  little  Frame  carrying  the  crofs  Hairs,  muft  be  moved 
backwards  or  forwards  by  means  of  Screws,  The  Breadth  from  the  Middle  of  the  Tele- 
fcope, 
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fcope,  to  the  Points  F,  G,   is  commonly  about  5  Degrees  ;  and  this  is  the  Reaforj  why  the 
Divifrons  begin  further  from  the  Diameter  than  they  end,  as  may  be.  feen /w  Figure. 

Thefe  Telefcopcs  have  two  or  four  GlafTes,  and  have  a  very  fine  Hair  drained  in  the  Fo- 
cus of  the  Object- Glafs,  ferving  tor  a  Sight. 

Telefcopcs  with  tour  Glafles  (hew  Objects  in  their  true  Situation,  but  thofe  with  two 
GlafTes  invert  them  ;  fo  that  that  which  is  on  the  right  Hand  appears  on  the  left,  and  that 
which  is  above  appears  below  :  but  this  does  not  at  all  hinder  the  Truth  of  Operations, 
becaufethey  always  give  the  Point  of  Direction. 

Thefe  Telefcopes  are  made  with  Brafs  Tubes  foldered,  and  turned  in  a  Cylindrick  Form, 
as  may  be  feen  by  the  Figure  L,  which  reprefents  a  Telefcope  taken  to  pieces  ;  the  Eye- 
Glafs,  being  that  to  which  the  Eye  is  applied  to  look  at  Objects,  is  at  the  End  1.  It  is  put 
in  another  little  Tube  apart  (like wife  marked  1)  which  is  drawn  out,  or  (lid  into  the  Te- 
lefcope, according  to  different  Sights.  This  little  Tube  alfo  fometimes  carries  the  Hair 
in  the  Focus  of  the  Glafs,  ferving  as  a  Sight ;  but  it  is  better  for  the  Hair  to  be  faften'd  to  a 
little  Piece  of  Brafs  (feen  apart)  on  which  there  is  very  exactly  drawn  afquare  Trad  2,  upon 
which  the  Hairs  are  placed.  The*  faid  Piece  is  placed  in  a  Groove  made  in  a  little  Brafs 
Frame,  foldered  to  the  Tube  of  the  Telefcope  at  the  Place  2  ;  the  fmall  Screw  5  is  to  move 
forwards  or  backwards,  the  little  Piece  carrying  the  Hairs ;  the  Object-Glafs  is  placed  at  the 
other  End  of  the  Telefcope,  next  to  the  Object  to  be  feen.  It  is  alfo  placed  in  the  little 
Tube  3,  which  being  put  into  the  Tube  of  the  Telefcope,  mud  be  binded  pretty  much  by 
it,  that  it  may  not  eafily  change  its>Place  when  the  Telefcope  is  adjufted.  The  Glaffes  are 
convex,  which  renders  their  Middje  thicker  than  their  Edges ;  but  the  Eye-Glafs  muft  have 
more  Convexity  than  the  Object-Glafs,  to  the  end  that  Objects  may  appear  greater  than  by 
the  naked  Eye. 

The  Focus  of  a  Convex  Glafs  is  that  Place  where  the  Rays,  coming  from  a  luminous  or 
coloured  Object,  unite,  after  having  paiTed  thro'  the  Glafs  j  whence  the  Picture  of  Objects, 
oppofite  to  the  Glafs,  are  there  very  diftinctly  reprefented.  For  example,  the  Point  R,  at 
the  End  of  the  Cone  of  the  Figure  H,  is  the  Focus  of  the  Glafs  S,  becaufe  it  is  the  Point 
where  the  Rays,  entering  at  the  other  End  N  of  the  Tube,  unite,  after  having  palled  thro* 
the  Glafs  S. 

The  Telefcopes  mod:  in  Ufe  (for  Semi-circles)  are  thofe  with  two  GlafTes,  which  are  fo 
placed,  that  their  Foci  are  common,  and  unite  in  the  fame  Point  in  the  Tube  of  the  Tele- 
fcope, in  which  Point  the  Hairs  are  placed  ;  if  the  focal  Length  of  the  Object-Glafs  is  feven 
or  eight  times  greater  than  that  of  the  Eye-Glafs,  the  Object  will  appear  feven  or  eight  times 
greater  than  when  the  Foci  of  the  two  GlafTes  are  equal. 

The  Focus  of  the  Eye-Glafs  being  common  with  that  of  the  Object-Glafs,  the  coloured 
Rays,  which  falling  upon  the  Surface  of  the  Object-Glafs,  and  uniting  in  the  Focus  of  the 
Glafs,  afterwards  continue  their  way  diverging  to  the  Eye-Glafs,  and  pafs  thro  it ;  fo  that 
placing  the  Eye  behind  it,  Objects  may  be  perceiv'd,  whofe  Pictures  are  reprefented  in  the 
Focus  :  for  it  is  the  Object  that  fends  forth  its  Species  to  the  Eye,  as  may  be  yet  very  manifeftly 
proved  by  the  following  Experiment. 

Darken  a  Room,  by  fhutting  the  Window-Shutters,  and  make  a  round  Hole  in  fome 
Shutter,  whofe  Window  is  expofed  to  a  Place  on  which  the  Sun  fhines  :  in  which  Hole  place 
a  Convex  Glafs,  and  alfo  a  white  Piece  of  Paper  or  Sheet  in  the  Room,  oppofite  to  the 
Hole,  and  at  the  Glafs's  focal  Diftance  from  it ;  then  a  very  diftinct  Reprefentation  of  all 
outward  Objects,  oppofite  to  the  Hole  in  the  Shutter,  will  be  painted  upon  the  Paper  in, 
the  Room  in  an  inverted  Situation ;  and  this  Picture  is  made  by  Rays  of  Light  coming  from 
the  Objects  without.  The  focal  Diftance  of  the  Glafs  may  be  found,  by  moving  the  Paper 
backwards  and  forwards,  till  the  Reprefentation  of  the  Objects  are  diftinctly  perceived. 

There  is  a  Ball  and  Socket  belonging  to  this  Semi-circle,  which,  being  well  made,  in  the 
aforefaid  manner,  is  themoft  perfect  that  can  be  made. 

The  Inflrument  Mis  a  Protractor  about  8  or  10  Inches  Diameter,  with  its  moveable  In- 
dex ;  we  make  them  fometimes  as  large  as  Graphometers,  and  ufe  them  both  in  taking  An- 
gles in  the  Field  to  a  Minute,  and  alfo  plotting  them  upon  Paper. 

The  Index  of  this  Protractor  turns  about  a  circular  Cavity,  in  the  middle  of  which  is  a 
little  Point,  (hewing  the  Center  of  the  Protractor.  The  Divifions  of  the  Limb  of  this  Pro- 
tractor are  made  in  the  fame  manner  as  thofe  on  the  Limb  of  the  Semicircle,  and  by  the  Me- 
thod before  explained. 

USE  I.  To  take  the  Plot  of  a  propofed  Field,  as  A  B  C  D  E  ;  plant  a  Staff  very  up-  %•*« 
right,  at  each  Angle  of  the  Field,  and  meafure  exactly,  with  a  Toife,  one  of  its  Sides,  as 
A  B,  which  fuppofe  50  Toifes,  2  Feet ;  then  make  a  Memorial,  on  which  draw  a  Figure 
fomething  like  the  Field  propofed  :  This  being  done,  place  the  Semi-circle,  with  its  Foot, 
in  the  Place  of  the  Staff  A  ;  fo  that  looking  thro3  the  fixed  Sights  of  the  Diameter,  you  may 
fee  the  Staff  B.  Afterwards,  the  Semi-circle  remaining  fixed  in  this  Pofition,  turn  the  Index, 
fo  that  you  may  fee  thro5  the  Sights  the  Staff  C.  Note  the  Angle  made  by  the  fiducial  Line 
with  the  Side  A  B,  and  write  down,  in  your  Memorial,  the  Quantity  of  the  Angle  BACj 
afterwards*  turn  the  Index  fo,  that  you  may  fee  the  Staff  D  thro"  the  Sights,  and  write  down 

in 


1 16  The  ConflruBion  and  Ufes      Book  IV. 

in  your  Memorial  the  Quantity  of  the  Angle  BAD:  Again,  turn  the  Index  fo  that  you 
may  fee  thro'  the  Sights  the  Staff  E,  and  fet  down  the  Quantity  of  the  Angle  BAE;  but 
every  time  you  look  thro'  the  Sights,  Care  muft  be  taken  that  the  Staff  B  is  in  a  right 
Line  with  the  Sights  of  the  Diameter.  ■ 

This  being  done,  remove  the  Semi-circle  with  its  Foot,  and  having  replanted  the  Staff  A, 
place  the  Semi-circle,  with  its  Foot,  in  the  Place  of  the  Staff  B,  in  fuch  manner,  that  by 
looking  thro'  the  fixed  Sights  of  the  Diameter,  you  may  fee  the  Staff  A  ;  and  the  Semi-circle 
remaining  fixed  in  this  Situation,  turn,  as  you  have  already  done,  the  Index  fo  that  you  may 
fucceffively  fee  the  Staffs  G,  D,  E,  and  write  down  in  the  Memorial  the  Quantities  of  the 
Angles  A  B  C,  A  B  D,  A  B  E. 

Finally,  Plot  the  Field  exactly  with  a  Semi-circle  or  Protractor,  by  laying  down  all  the 
Angles,  whofe  Quantities  are  marked  at  the  Ends  of  the  Line  A  B,  from  whence  may  be 
drawn  as  many  right  Lines,  and  from  their  Interfections  other  Lines,  which  will  form  the 
Plot  of  the  Field  propofed.  The  Lengths  of  all  thofe  Sides  which  have  not  been  meafured, 
may  be  found  by  a  Scale  of  equal  Parts,  of  which  the  Line  A  B  is  50 |,  and  the  Area  of  the 
Field  may  be  found  by  finding  the  Area  of  all  the  Triangles  it  may  be  reduced  into. 

Note,  It  is  proper  to  meafure  one  of  the  longeft  Sides  of  the  Field,  for  ufing  it  as  a  com- 
mon Bafe,  and  making  at  both  its  Ends  all  the  Obfervations  neceflary  for  there  forming  the 
Angles  of  the  Triangles  required  to  be  made  ;  for  if  one  of  the  fhortefl  Lines  be  taken  for  a 
common  Bafe  to  all  the  Triangles,  the  Angles  formed  by  the  Interferons  of  the  vifual  Rays 
in  looking  at  the  Staffs,  will  be  too  acute,  and  fo  their  Interfections  very  uncertain. 

I  The  Meridian  Line  of  Plans  may  be  known  by  help  of  the  Compafs,  whofe  Meridian  is 
generally  parallel  to  the  Diameter  of  the  Semi-circle  :  for  fince  the  common  Bafe  of  all  the 
Triangles  obferved,  is  parallel  to  the  faid  Diameter,  you  need  but  note  rhe  Angle  which  it 
makes  with  the  Needle  of  the  Compafs,  and  this  may  be  eafily  done  by  directing  the  fiducial 
Line  parallel  to  the  Needle;  after  which  you  may  draw  upon  the  Plot  a  little  Card  in  its 
true  Pofition. 

USE  II.    To  find  the  Diflance  from  the  Steeple  A,  to  the  Tower  C,    they  being  fuppofed 

inacceffible. 

Fig-  7.  Having  chofen  2  Stations,  from  which  the  Steeple  and  Tower  may  be  fcen,  and  meafured 

their  Dii'iance  ferving  as  a  Bafe,  place  the  Semi-circle  at  one  of  them,  as  D,  and  the  Staff  in 
the  other,  as  in  the  Point  E,  and  turn  it  fo,  that  thro  the  fixed  Sights  of  its  Diameter,  or 
thro'  the  Teiefcope,  you  may  efpy  the  Staff  E  :  then  move  the  Index  fo,  that  thro'  its  Sights 
you  may  fee  the  Steeple  A ;  and  the  Degrees  of  the  Semi-circle  between  the  Diameter  and 
the  Index,  will  give  the  Quantity  of  the  Angle  B  D  E,  being  in  this  Example  32  Deg.  which 
note  in  your  Memorial.  Again;  turn  the  Index  till  you  fee  the  Tower  C  thro*  the  Sights 
or  Teiefcope,  always  keeping  the  Diameter  in  the  Line  D  E  ;  then  the  Degrees  between 
the  Diameter  and  Index,  will  (how  the  Quantity  of  the  Angle  CDE,  123  Deg.  which 
likewife  note  in  the  Memorial.  Now  having  removed  the  Semi-circle  from  the  Sta- 
tion D,  and  placed  a  Staff  in  its  Place,  meafure  the  Diftance  from  the  Staff"  D  to  the  Staff  E, 
which  fuppofe  32  Toifes,  writing  it  in  the  Memorial :  then  put  the  Semi-circle  in  the  Place 
of  the  Staff  E,  fo  that  the  fixed  Sights  of  the  Diameter,  or  Teiefcope,  may  be  in  the  Line 
E  D  ;  and  turn  the  Index,  that  the  Tower  C  may  be  feen  thro'  its  Sights,  then  the  Degrees 
contained  between  the  Diameter,  and  the  Index,  will  give  the  Angle  C  E  D,  which  in  this 
Example  is  16  Degrees.  Finally,  Turn  the  Index  till  you  fee  the  Steeple  A  thro  the  Sights, 
and  the  Angle  A  E  D  will  be  125  Degrees,  which  fet  down  in  the  Memorial,  and  by  help 
of  a  Scale  and  Protractor,  the  Diftance  A  C  may  be  known. 

To  folve  the  fame  Problem  trigonometrically  ;  firit,  We  have  found  by  Obfervation  in  the 
Triangle  DAE,  that  the  Angle  A  D  E  is  3  2  Degrees,  and  the  Angle  D  E  A  125  Degrees, 
whence  the  Angle  D  A  E  is  23  Degrees  (becaufe  the  three  Angles  of  any  right-lined  Trian- 
gle, are  equal  to  2  right  Angles)  and  to  find  the  Side  A  E,  make  this  Analogy  :  As  the  Sine 
of  23  Degrees  is  to  32  Toifes,  fo  is  the  Sine  of  32  Degrees  to  the  Line  A  E,  about  43 Toifes. 
Likewife  you  will  find  by  Obfervation  in  the  Triangle  CDE,  that  the  Angle  C  D  E  is  26 
Degrees,  and  the  Angle  E  D  C  123  Degrees,  whence  the  Angle  D  C  E  is  3  1  Degrees  ;  and 
to  find  the  Side  C  E,  make  this  fecond  Analogy  :  As  the  Sine  of  3  1  Degrees  is  to  32  Toifes, 
fo  is  the  Sine  of  123  Degrees,  or  its  Complement  57,  which  is  the  fame,  to  CE  52  Toifes. 
Now  to  find  the  Diftance  C  A,  examine  the  Triangle  C  A  E,  whofe  two  Sides  C  E,  A  E, 
with  the  included  Angle  A  E  C  of  pp  Degrees,  are  known,  and  confequently  the  Sum  of  the 
two  unknown  Angles  are  equal  to  81  Degrees;  and  to  find  either  of  them,  make  again  this 
Analogy :  As  the  Sum  of  the  two  known  Sides  05  Toifes,  is  to  their  Difference  9,  fo  is  the 
Tangent  of  40  Deg.  30  Min.  half  the  Sum  of  the  oppofite  Angles,  to  the  Tangent  of  half 
their  Diftance,  which  anfwers  to  4  Deg.  37  Min.  and  being  added  to  40  Deg.  30  Min. 
will  give  the  greateit  of  the  unknown  Angles  C  A  E,  45  Deg.  7  Min.  and  confequently  the 
other  Angle  ACE,  will  be  35  Deg.  53  Min.     Laflly,  to  find  the  Length  C  A,  fay,  As  the 
Sine  of  35  Deg.  3:3  Min.  is  to  43  Toifes,  fo  is  the  Sine  of  p?  Deg.  to  the  Diflance  A  C,  72 
Toifes,  2  Feet. 

.  USE 
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USE  III.  To  find  the  Height  of  the  Tower  A  B,  whofe  Bafe  cannot  be  approached  be- 
caufe  or"  a  Rivulet  palling  by  its  Foot ;  chufe  two  Stations  fome  where  upon  level  Ground,  as 
in  C  and  D,  and  place  the  Semi-circle  vertically  in  the  Point  D,  fo  that  its  Diameter  may  %:„  § 
be  parallel  to  the  Horizon,  which  you  may  do  by  means  of  a  Thread  and  Plummet,  hung 
on  the  Top  of  a  Perpendicular  drawn  on  the  backfide  of  the  Semi- circle :  then  turn  the 
Index,  in  order  to  fee  the  Top  of  the  Tower  B  thro'  the  Sights,  and  take  the  Quantity  of 
the  Angle  B  D  A,  which  fuppofe  42  Degrees,  noteing  it  down  in  your  Memorial.  Now 
having  removed  the  Semi-circle,  and  placed  it  at  the- other  Station  C,  meafure  the  Diftancc 
D  C,  which  fuppofe  12  Toifes  ;  and  after  having  adjufted  the  Semi-circle,  fo  that  its  Dia- 
meter may  be  parallel  to  the  Horizon,  turn  the  Index  till  you  fee  the  Top  of  the  Tower  B, 
and  fet  down  the  Quantity  of  the  Angle  BCD,  which  fuppofe  22  Degrees,  in  the  Memo- 
rial;  then  make  a  fimilar  Figure  by  means  of  a  Scale  and  Protractor,  and  the  Height  of  the 
Tower  A  B  will  be  found ;  which  may  likewife  be  found  by  Calculation  in  the  following 
manner:  The  Angle  BD  A  of  42  Degrees,  gives  the  Angle  B  DC  of  1 3  8  Degrees  ;  and 
fince  the  Angle  C  of  22  Degrees  has  been  meafured,  the  third  Angle  of  the  Triangle  C  B  D 
will  be  20  Degrees.  Now  fay,  As  the  Sine  of  20  Degrees  is  to  12  Toifes,  fo  is  the  Sine  of 
22  Degrees,  to  the  Line  B  D,  about  13  Toifes  ;  but  B  D  is  the  Hypothenufe  of  the  right- 
angled  Triangle  B  D  A,  all  the  Angles  of  which  are  known  :  therefore  fay  by  a  fecond  Rule 
of  Three,  As  Radius  is  to  about  13  Toifes,  fo  is  the  Sine  of  42  Degrees  to  the  Height  A  B, 
8  Toifes,  and  one  Foot. 

USE  IV.    To  take  the  Map  of  a  Country. 
Firft,  chufe  2  high  Places,  from  whence  a  great  Part  of  the  Country  may  be  feen,  which  F- 
let  be  fo  remote  from  each  other,  as  that  their  Diflance  may  ferve  as  a  common  Bale  to  fe-     fo  ' 
veral  Triangles  that  muft  be  obferved  for  making  of  the  Map  ;  then  meafure  with  a  Chain 
the  Diflance  of  thefe  two  Places.     Thefe  two  Places  being  fuppofed  A  and  B,  diftant  from 
each  other  200  Toifes,  place  the  Plane  of  the  Semi-circle  horizontally,  with  its  Foot  in  the 
Point  A,  in  fuch  manner,  that  you  may  difcover  the  Point  B  thro'*  the  flx'd  Sights  or  Tele- 
fcope  :  the  Inftrument  remaining  hVd  in  this  Situation,  turn  the  Index,  and  fucceffively  difco- 
ver Towers,  Steeples,  Mills,  Trees,  and  other  remarkable  Things  defired  to  be  placed  in  the 
Map  :   examine  the  Angles  which  every  of  them  make  with  the  common  Bafe,  and  fet  them 
down  together  with  their  proper  Names  in  the  Memorial  :  As,  for  Example,  the  Angle  B  A  I 
14  Degrees,  B  A  G  47,  BAH  53,  B  A  F  68,  BAE  83,  BAD  107  ;   andlaftly,  the  An- 
gle B  AC  130  Degrees:  which  being  done,  and  the  Diftance  of  the  two  Stations  AB  fee 
down,  place  the  Semi-circle  in  the  Poin^p  B,  for  a  fecond  Station. 

The  Inftrument  being  fo  placed  that  its  Diameter  may  be  in  the  Line  B  A,  turn  the  Index^ 
and  obferve  the  Angles  made  by  the  Objects  before  feen  from  the  Point  A ;  as  for  Example, 
the  Angle  A  B  C  20  Degrees,  A  B  F  37,  A  B  D  44,  A B E  56,  A  B  G  83,  ABU  96,  and 
the  Angle  AB  I  133  Degrees,  which  note  down  in  the  Memorial. 

If  any  Object  view'd  from-  the  Point  A,  cannot  be  feen  from  the  Point  B,  the  Bafe  muft 
be  changed,  and  another  Point  fought,  from  whence  it  may  be  discovered  ;  for  it  is  abfo- 
lutely  necelfary  for  the  fame  Object  to  be  feen  at  both  Stations,  becaufe  its  Pofition  cannot 
be  had  but  by  the  Interferon  of  two  Lines  drawn  from  the  Ends  of  the  Bafe,  with  which 
they  form  a  Triangle. 

Note,  The  Bafe  muft  be  pretty  long,  in  proportion  to  the  Triangles  for  which  it  ferves, 
and  moreover  very  ftreight  and  level. 

To  make  the  Map,  reduce  all  thofe  Triangles  obferved,  to  their  juft  Proportion,  by  means 
of  a  Scale  and  Protractor,  in  the  manner  as  we  have  already  given  Directions,  in  the  Ufe  of 
the  Theodolite. 

CHAP.     VII. 
Of  the  Conflruciion  and  Vfe  of  the  Compafs. 

THIS  Inftrument  is  made  of  Brafs,  Ivory,  Wood,  or  any  other  folid  Matter,  from  2  to  Fig>  q. 
6  Inches  in  Diameter,  being  in  figure  of  a  Parallelopipedon,  in  the  Middle  of  which  is 
a  round  Box,  at  the  Bottom  of  which  is  defcribed  a  Card  (of  which  more  in  the  Conftruc- 
tion  of  the  Sea-Compafs)  whofe  Circumference  is  divided  into  360  Degrees.  In  the  Center 
of  this  Card  is  fixed  a  well-pointed  Brafs  or  Steel  Pivot,  whofe  Ufe  is  to  carry  the  touched 
Needle  placed  upon  it,  in  Equilibria,  fo  that  it  may  freely  turn.  This  Box  is  covered  with  a 
round  Glafs,  for  hindring  left  the  Air  fhould  any  wife  agitate  the  Needle. 

One  of  the  Ends  of  the  Needle  always  turns  towards  the  North  Part  of  the  World,  but 
not  exa&ly,  it  declining  therefrom,  and  the  other  towards  the  South. 

According  to  Obfervations  made  in  OBober,  in  the  Year  17 15,  in  the  Royal  Obfervatory, 
the  Needle  declined  2  Deg.  5  Min.  Weftwardly.     .  -      ;, 

jj  h  Needles 
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Needles  are  made  of  Pieces  of  Steel,  the  Length  of  the  Diameter  of  the  Box,  having  lit- 
tle Brafs  Caps  foldered  to  their  Middle,  hollowed  into  a  conical  Figure  fo,  that  the  Needle 
being  put  upon  the  Pivot,  may  move  very  freely  upon  it,  and  not  fall  off;  they  are  nicely 
filed"  into  different  Figures,  thofe  which  are  large  being  like  a  Dart,  and  fmall  ones  have 
Rings  towards  one  End,  for  knowing  that  End  which  refpects  the  North,  as  may  be  feen  in 
the  little  Figures  nigh  the  Compafs. 

To  touch  a  Needle  well,  having  firft  got  a  good  Stone,  begin  your  Touch  near  the  Mid- 
dle of  the  Needle,  and  preffing  it  pretty  hard  upon  the  Pole  of  the  Stone,  draw  it  (lowly 
along  to  the  End  of  the  Needle,  and  lifting  your  Hand  a  good  Diftance  from  the  Stone,  while 
you  put  the  Needle  forward  again,  begin  a  fecond  Touch  in  the  fame  manner,  and  after 
that  a  third,  which  is  enough,  only  take  Care  not  to  rub  the  Needle  to  and  fro  on  the 
Stone,  whereby  the  backward  Rubs  take  away  what  Virtue  the  forward  ones  gave  j  but  lift 
it  out  of  the  Sphere  of  the  Stone's  Virtue,  when  you  carry  it  forward  again  to  begin  a  new 
Touch. 

This  admirable  Property,  by  help  of  which  great  Sea- Voyages  were  firft  undertaken,  and 
vaft  Nations  both  in  the  Eaft  and  Weft  difcovered,  was  not  known  in  Europe  till  about  the 
Year  1260. 

A  Man  by  means  of  this  Inftrument,  and  a  Map,  may  likewife  go  to  any  propofed  Place, 
at  Land,  without  enquiring  of  any  body  the  way ;  for  he  need  but  fet  the  Center  of  the 
Compafs,  upon  the  Place  of  Departure,  on  the  Map,  and  afterwards  caufe  the  Needle  to 
agree  with  the  Meridian  of  this  Place  upon  the  Map :  then  if  he  notes  the  Angle  that  the 
Line  leading  to  the  Place  makes  with  the  Meridian,  he  need  but  in  travelling  keep  that 
Angle  with  the  Meridian,  and  that  will  direct  him  to  the  Place  defired. 

This  Inftrument  is  alfo  very  ufeful  to  People  working  in  Quarries,  and  Mines  under 
Ground;  for  having  noted  upon  the  Ground  the  Point  directly  over  that  you  have  a  mind 
to  go  to,  you  muft  place  the  Compafs  at  the  Entrance  into  the  Quarry  or  Mine,  and  ob- 
ferve  the  Angle  made  by  the  Needle  with  the  Line  of  Direction  :  then  when  you  are  under 
Ground,  you  muft  make  a  Trench,  making  an  Angle  with  the  Needle  equal  to  the  aforefaid 
Angle ;  by  means  of  which  you  may  come  to  the  propofed  Place  under  ground.  There  are 
feveral  other  Ufes  of  this  Inftrument,  the  principal  of  which  we  are  now  going  to  fpeak. 

U  S  E  I.     To  take  the  Declination  of  a  Watt  'with  the  Compafs. 

You  muft  remember  that  there  are  4  Points,  called  Cardinal  ones,  viz,.  North,  South, 
Eaft,  and  Weft,  dividing  the  Horizon  into  4  equal  Parts,  and  when  one  of  thefe  Points  are 
found,  all  the  others  may  likewife  :  for  it  you  have  North  before  you,  South  will  be  behind, 
Eaft  on  the  right  hand,  and  Weft  on  the  left. 

A  Wall  built  upon  a  Line  tending  from  North  to  South,  will  be  in  the  Plane  of  the  Meri- 
dian ;  fo  that  one  Side  thereof  will  face  the  Eaft,  and  the  other  the  Weft. 

Another  Wall,  at  right  Angles  with  the  former,  that  is,  one  built  upon  the  Line  of  Eaft 
and  Weft,  will  be  parallel  to  the  Prime  Vertical,  and  will  not  decline  at  all,  and  one  of  its 
Sides  will  be  direftly  South,  and  the  other  North. 

But  if  a  Wall  is  fuppofed  to  be  built  upon  the  Line  D  E,  it  is  faid  to  decline  as  many  De- 
Fig.  10.  grees  as  is  contained  in  the  Arc  F;  therefore  if,  for  Example,  that  Arc  be  40  Degrees,  the 
Side  of  the  Wall  faceing  towards  the  South,  declines  from  the  South  towards  the  Eaft  40 
Degrees,  and  the  oppolke  Side  of  the  Wall  will  decline  from  the  North  towards  the  Weft 
40  Degrees  :  fo  that  the  Declination  of  a  Wall,  is  no  more  than  the  Angle  made  by  the  Wall 
and  the  Prime  Vertical.  Another  Wall  parallel  to  the  Line  GH,  will  decline  as  many  De- 
grees as  is  contained  in  the  Arc  C  ;  therefore  if  that  Arc  be  30  Degrees,  the  Side  of  the  Wall 
reflecting  the  South,  will  decline  30  Degrees  from  the  South  towards  the  Weft,  and  the  o- 
ther  Side  will  decline  30  Degrees  from  the  North  to  the  Eaft. 

In  all  Operations  made  with  a  Compafs,  you  muft  take  care  of  bringing  it  nigh  Iron  or 
Steel,  and  that  there  be  none  concealed ;  for  Iron  or  Steel  entirely  changes  the  Direction  of 
the  Needle. 

I  fuppofe  here  that  the  Pivot,  upon  which  the  Cap  of  the  Needle  is  put,  is  in  the  Center 
of  a  Circle  divided  into  360  Degrees,  or  four  Nineties,  whofe  firft  Degree  begins  from  the 
Meridian  Line,  and  alfo  that  the  Compafs  be  fquare,  as  that  which  is  reprefented  in  the 
Figure. 

Apply  the  Side  of  the  Compafs  where  the  North  is  marked,  to  the  Side  of  the  Wall ;  then 
the  Number  of  Degrees  over  which  the  Needle  fixes,  will  be  the  Wall's  Declination,  and  on 
that  Side.  If,  for  Example,  the  North  Point  of  the  Needle  tends  towards  the  Wall,  it  is  a 
iign  that  that  Side  of  the  Wall  may  be  fhone  on  by  the  Sun  at  Noon  ;  and  if  the  Needle  fixes 
over  30  Degrees,  counting  from  the  North  towards  the  Eaft,  the  Declination  is  fo  many 
Degrees  from  South  towards  the  Eaft.  If  it  fixes  over  30  Degrees  from  the  North  towards 
the  Weft,  the  Declination  of  the  Needle  will  be  fo  many  Degrees  from  the  South  towards 
the  Weft. 

But  fince  the  Declination  of  the  Needle  is  at  Paris  12  Deg.  15  Min.  N.  W.  for  correcting 
that  Defect,  12  Deg.  15  Min.  muft  always  be  added  to  the  Degrees  fliown  by  the  Needle, 
when  the  Declination  of  the  Wall  is  towards  the  Eaft ;  and  on  the  contrary,  when  the  De- 
clination is  towards  the  Weft,  the  Declination  of  the  Needle  muft  be  fubftracted. 

As 
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Asfuppofing,  as  we  have  already  done,  that  the  Needle  fixes  over  the  30th  Degree  to- 
wards the  Eait,  the  Declination  of  the  Wall  will  be  42  Deg.  i>  Mm.  from  the  South  to- 
wards the  Eait ;  but  if  the  Needle  fixes  on  the  Weft-fide  of  the  Wall,  over  the  30th  Decree, 
the  Declination  will  be  17  Deg.  45  Min.  from  the  South  towards  the  Weil. 

If  the  South  Point  of  the  Needle  tends  towards  the  Wall,  it  is  a  Sign  that  the  South  is 
on  the  other  Side  of  the  Wall,  and  confequently  that  Side  of  the  Wall,  whofe  Declination  is 
to  be  found,  will  not  be  (hone  upon  by  the  Sun  at  Noon  ;  whence  its  Declination  will  be 
from  the  North  towards  the  Eafl  or  Weft,  according  as  it  faces  towards  thofe  Parts  of  the 
World.     This  will  be  more  fully  explained  in  the  Treatife  of  Dialling. 

[U  S  E  II.  To  take  an  Angle  with  the  Compafs. 

Let  the  Angle  D  A  E  be  propofed  to  be  meafured  ,•  apply  that  Side  of  the  Compafs,  where  pi*.  n> 
the  North  is  marked,  to  one  of  the  Lines  forming  the  Angle,  as  A  D  :  fo  that  the  Needle 
may  freely  turn  upon  its  Pivot,  and  when  it  refts,  obferve  what  Number  the  North  Point  of 
the  Needle  Hands  over;  and  finding  it,  for  Example,  80  Degrees,  the  Declination  of  the 
faid  Line  will  be  fo  many  Degrees.  Afterwards  take,  in  the  fame  manner,  the  Declination 
of  the  Line  A  E,  which  fuppofe  215  Degrees :  fubftract  80  Degrees  from  215  Degrees,  there 
will  remain  135,  which  fubllra<5t  from  180,  and  there  will  remain  4J  Degrees,  the  Quantity 
of  the  Angle  propofed  to  be  meafured. 

But  if  the  Declination  of  the  Line  A  D  had  been,  for  example,  but  30  Degrees,  and  the 
Line  A  E  265  Degrees,  the  Difference  of  thofe  two  Declinations,  which  would  be  235  De- 
grees, would  be  too  great  to  fubftract  from  180  Degrees ;  whence  in  this  Cafe  180  Degrees 
muft  be  taken  from  235  Degrees,  and  the  Remainder  55  Degrees,  will  be  the  Angle  pro- 
pofed. 

When  Angles  are  meafured  with  the  Compafs,  there  need  not  any  regard  be  had  to  the 
Variation  of  the  Needle,  becaufe  the  Variation  will  always  be  the  fame  in  all  the  different 
Pofitions  of  the  Needle,  provided  at  all  times  there  be  no  Iron  near  it :  and  when  the  Com- 
pafs cannot  be  put  nigh  the  Plane,  by  means  of  fome  Impediment,  it  is  fufficient  to  place  it 
parallel,  as  the  Figure  fhows,  and  the  Effect  will  be  the  fame. 

USE  III.    To  take  the  Plot  of  a  Forefl,  or  Morafs. 

Let  it  be  required  to  take  the  Plot  of  the  Morafs  A  B  C  D  E,  in  which  one  may  enter.  Fig.  \%\ 
To  make  thefe  kind  of  Operations,  there  muft  be  faftened  two  Sights  to  the  Meridian  Line 
of  the  Compafs ;  now  plant  long  Staffs  upright,  fo  that  they  may  be  in  Lines  parallel  to  the 
Sides  encompaffing  the  Morafs,  and  place  the  Compafs  upon  its  Foot  in  a  horizontal  Pofition  : 
then  look  at  two  of  the  Staffs  thro  the  Sights,  putting  always  the  Eye  to  that  which  is  on 
the  South  Side  of  the  Compafs ;  and  having  drawn  a  Figure  upon  Paper  fomething  reprefen- 
ting  the  Plot  of  the  Morafs,  write  upon  the  correfpondent  Line  the  Number  of  Degrees 
which  the  Needle,  when  fixed,  fhows.  At  the  fame  time  meafure  the  Length  of  each  Side 
of  the  Morafs,  and  fet  down  their  Lengths  upon  the  correfpondent  Lines  of  your  Memorial. 
When  y-ou  have  gone  round  the  Morafs,  the  Degrees  denoted  by  the  Needle,  will  ferve  to 
form  the  Angles  of  the  Figure,  and  the  Length  of  each  Line  will  determine  the  Plot  of  the 
Morafs  propofed. 

Let  us  fuppofe,  for  Example,  that  having  placed  the  Compafs  along  the  Side  A  B,  or  which 
is  all  one,  along  a  Line  parallel  to  that  Side,  and  placing  the  Eye  next  to  the  South  Sight  of 
the  two  Sights,  two  Staffs  fet  up  in  that  Line  are  efpied.  If  the  Needle  fixes  on  the  30th 
Degree  towards  the  Eaft,  fet  down  the  Number  30  upon  the  Line  A  B  in  the  Memorial, 
and  alfo  50  Toifes,  the  Length  of  the  Side  A  B :  afterwards  fet  the  Compafs,  with  its  Foot, 
along  the  Side  B  C,  or  in  the  Direction  of  the  Staffs,  putting  always  the  Eye  next  the  South 
Sight.  If  the  Needle  fixes  on  the  100th  Degree,  I  write  that  Number  on  the  Line  B  C,  and 
at  the  fame  time  70  Toifes,  the  Length  of  the  Side  B  C :  doing  thus  quite  round  the 
Morafs,  you  may  fet  down  upon  each  correfpondent  Line  of  the  Memorial,  the  Numbers  of 
Degrees  and  Toifes  ;  by  means  of  which,  the  Plot  may  be  drawn  in  the  following  manner, 
by  help  of  a  Scale  and  Protractor. 

Angles  olferved  Remaining  Angles. 

30  Degrees. 

100         '  70  Set  down,  one  after  the  other , 

jjq       —  30  all  the  Angles  obferved -with  the 

240         < _____  IIO  Compafs,  and  fubftrati  the  leajl 

3  00         —  —       60  from  its  next  greater,  as  in  this 

Table. 
Draw  the  Indefinite  Line  A  B,  of  50  equal  Parts,  reprefenting  the  50  Toifes  meafured  ; 
make  the  exterior  Angle  at  the  Point  B  70  Degrees,  and  draw  the  indefinite  Line  B  C,  on 
which  lay  off  70  Toifes  from  B  to  C.  Make  at  the  Point  C  an  exterior  Angle  of  30  Degrees, 
and  draw  the  indefinite  Line  C  D,  whofe  Length  let  be  6$  Toifes,  conformable  to  the 
Length  meafured.    Make  likewife  at  the  Point  D  an  exterior  Angle  of  no  Degrees,  and 

draw 
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v  raw  the  Line  D  E  of  70  Toifes.    Lailiy,  Make  an  exterior  Angle  of  Co  Degrees  at  the  Point 

drav  ;ie  AE  of  574  Toifes,  and  the  Plot  wilj  be  compleated. 

Note;  Ail  the  Angles  of  the  Figure  taken  together,  ought  to  make   twice  as  many  right 

Angles,  wanting  2 ±  as  the  Figure  has  Sides:     As,  for  Example,  the  Figure  of  this  Ufe,  ha- 

g  5  Sides,  all  the  Angles  added  together   make  540  Degrees,  or  6  times  oo,  which  may 

ferve  to  prove  Operations. 

This  Manner  of  taking  Plots  is  expeditious  enough,  but  it  is  very  difficult  to  make  Ope- 
rations  exact  with  a  Coiv,pals,  becauie  there  may  be  Iron  concealed  nigh  the  Places  whereat 
dy  is  obliged  to  place  the  Inurnment. 

CHAP.     VIII. 

The  Vfes  of  the  aforejaid  Infkruments,  allied  to  the  Fortifications 

of  Places. 

.  Tp  Certification  is  the  Art  of  putting  a  Place  into  fuch  a  State,  that  a  fmall  Body  of  Troops 

I5*     Jp    therein  may  advantageoully  refill  a  confiderable  Army. 

The  Maxims  ferving  as  a  Foundation  to  the  Art  of  Fortification,  are  certain  general  Rules 
eftablifhed  by  Ingineers,  founded  upon  Reafon  and  Experience. 

The  chief  Ingineer  having  examined  the  Extent  and  Situation  of  the  Place  to  be  fortified, 
communicates  his  Design  in  a  Plan  and  Profil,  as  may  be  feen  in  Plate  13.  to  which  he  com- 
monly adds  a  Difcourfe,  orderly  explaining  the  Materials  imploy'd  by  the  Undertakers:  and 
having  fearched  the  Ground  in  feveral  Parts  of  the  Place  propofed,  makes  a  Computation  of 
each  Toife  of  Work,  by  means  of  which  the  Ingineer  may  nighly  eftimate  the  Charge  of 
the  whole  Work,  the  Number  of  Workmen  neceflary  to  perfect  it,  and  alfo  the  Time  it  will 
be  done  in. 

The  Plan  of  a  Fortification  represents,  by  feveral  Lines  drawn  horizontally,  the  Inclofureof 
a  Place. 

This  Defign  contains  feveral  Lines  drawn  parallel  to  one  another ;  but  the  firft  and  princi- 
pal Tract,  which  ought  to  be  marked  by  a  Line  more  apparent  than  the  others,  reprefents 
the  chief  Inclofure  of  the  Body  of  the  Place  between  the  Rampart  and  the  Ditch  ;  fo  that  by 
the  Plan  and  its  Scale,  the  Lengths  and  Breadths  of  all  the  Works  compofing  the  Fortification 
may  be  known.  (Fig.  1.) 

The  Profil  reprefents  the  principal  T rafts  appearing  upon  a  plane  Surface  vertically  cutting 
and  feparating  all  the  Works  thro'  the  Middle.  There  is  commonly  a  larger  Scale  to  draw 
it,  than  to  draw  a  Plan,  for  better  diftinguifhing  their  Breadths,  Heights,  or  Depths,  (as  ap- 
pears in  Fig.  3.) 

2  he  Na?/ies  of  the  chief  Lines,  a?id  principal  Angles,  fowling  the  Tlan. 

Fig.  1.  The  Line  A  B,    is  call'd  the  exterior  Side  of  the  Polygon,    and  L  M  the  interior  Side 

thereof. 

L  G  the  Demi-gorge  of  the  Baftion,  of  which  E  G  is  the  Flank,  A  E  the  Face,  and  A  L 
the  Capital. 

G  H  is  the  Courtain,  and  A  H  the  Line  of  Defence  Raz,ante. 

The  Figure  A  L  G  E  reprefents  a  Demi-baftion. 

The  Angle  A  N  B  is  the  Angle  of  the  Center. 

The  Angle  K  A  B  is  the  Angle  of  the  Polygon. 

The  Angle  I  A  E,  made  by  the  two  Faces,  is  the  flanquant  Angle,  or  Angle  of  the  Baftion. 

The  Angle  AEG  made  by  the  Face  and  the  Flank,  is  called  the  Angle  de  VEpaule. 

The  Angle  E  GH,  made  by  the  Flank  and  the  Courtain,  is  called  the  Angle  of  the  Flank. 
'  The  Angle  E  G  B,  made  by  the  Flank  and  the  Line  of  Defence,  is  called  the  interior  flan- 
quant Angle. 

The  Angle  E  D  F,  made  by  the  two  Raz,ames  interfering  one  another  towards  the  Middle 
of  the  Courtain,  is  called  the  exterior  flanquant  Angle,  or  Angle  of  the  Tenaille. 

The  Angle  E  H  G,  made  by  the  Courtain  and  Line  of  Defence  Raz,amey  is  called  the  di- 
fainifiVd  Angle,  which  is  always  equal  to  that  made  by  the  Face  of  the  Baftion  and  the  Bafe, 
or  exterior  Side. 

Fundamental  Maxims  of  Fortification. 

The  principal  Maxims  may  be  reduced  to  fix. 
I.  Every  Side  round  about  a  Place,  muft  be  flanked  or  defended  with  Flanks  ;  for  if  there 
be  any  Side  about  a  Place  not  feen  or  defended  by  the  Befieged,  the  Enemy  may  there  lodge 
themfelves,  and  become  Mafters  of  the  Place  in  a  fhort  time. 

It 
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It  follows  from  this  Maxim,  that  the  flanquant  Angle,  or  the  Angle  made  by  the  Faces  of 
the  Baftion,  being  too  acute,  is  defective,  becaufe  its  Point  may  eafily  be  blunted  or  broken 
by  the  Cannon  of  the  Beliegers,  and  afterwards  Miners  may  there  work,  fafe  in  widening  o£ 
the  Breach.  s 

It  is  alfo  a  like  Fault  to  round  the  Points  of  Baftions,  for  the  fame  Rcafon. 

II.  The  Force,  as  much  as  poffible,  muft  be  equally  diftributed  every  where,  for  if  there 
be  any  Side  weaker  than  the  reft,  that  will  be  it  which  the  Enemy  will  attack  ;  therefore  if 
from  the  Nature  of  the  Ground,  one  Side  be  weaker  than  the  others,  fome  Work  muft  be 
there  added  to  augment  its  Force,  in  multiplying  its  Defence. 

III.  The  flanquant  Parts  muft  be  no  further' remote  from  thofe  which  flank  them,  than  a 
Mufquet-ftiot  will  do  Execution  :  therefore  the  Line  of  Defence,  or  the  Diftance  from  the 
Point  of  a  Baftion  to  its  neighbouring  Baftions,  ought  not  much  to  exceed  125  Toifes,  which 
is  the  Diftance  that  a  Mufquet,  well  charged,  will  do  Execution. 

IV.  The  Flanks  of  Baftions  muft  be-  large  enough  to  contain  at  leaft  30  Soldiers  in  Front, 
and  4  or  5  Pieces  of  Cannon  mounted  on  their  Carriages,  in  order  to  defend  well  the  Face  of 
the  Baftion  attacked  by  the  Enemy  ;  and  fince  the  principal  Defence  arifes  from  Flanks,  it  is  v 
more  proper  for  them  to  be  perpendicular  to  the  Line  of  Defence,  than  to  have  any  other 
Situation.  This  Method  was  afligned  by  Count  Pagan,  and  has  been  follow 'd  by  the  ableft 
Ingmeersfmce  his  Time,  and  particularly  by  Monfieur  Vauban,  who,  by  his  Angular  Services, 
merited  the  Efteem  of  all  warlike  Nations,  and  able  Ingineers  of  his  Time. 

V.  The  Fortrefs  muft  not  be  commanded  by  any  Side  out  of  the  reach  of  Fire-Arms, 
which  are  Mulquets  and  Cannon  ;  but  on  the  contrary,  it  ought  to  command  all  Places 
round  about. 

VI.  The  Works  nigheft  the  Center,  muft  be  higheft,  and  command  thofe  Places  more 
diftant,  fo  that  when  the  Enemy  endeavour  to  make  themfelves  Mafters  of  fome  Outwork, 
they  may  be  repulfed  by  thofe  in  the  Body  of  the  Place. 

To  draw  upon  Paper  a  fortified  Plan,  according  to  the  Method  of  Count  Pagan. 

Let  it  be,  for  Example,  an  Hexagon  :  firft  draw  the  Line  A  B  180  Toifes,  for  the  exte-  F 
rior  Side  of  the  Hexagon,  and  raife  the  Perpendicular  C  D  from  the  Point  C  of  30  Toifes ;  lg'  ' 
then  draw  the  Lines  ADH,  BDG,  interfering  each  other  in  the  Point  D,  and  take  jj 
Toifes  from  your  Scale,  to  determine  the  Length  of  the  Faces  A  E,  B  F:  from  the  Point  E 
draw  the  Flank  E  G,  making  a  right  Angle  in  the  Point  G,  at  the  end  of  the  Line  of  De- 
fence B  G,  and  likewife  the  other  Flank  F  H  at  right  Angles  to  A  H  :  finally,  draw  the 
Courtain  G  H,  and  you  will  have  one  Side  of  the  Hexagon  fortified.  The  other  Sides  are 
fortified  in  the  fame  manner.  About  this  Side  of  the  Polygon  thus  fortified,  you  muft  draw 
a  Ditch,  reprefented  by  the  Lines  AC,  C  B,  parallel  to  the  Faces  of  the  Baftions,  meeting 
each  other  towards  the  Middle  of  the  Courtain  in  the  Point  G  This  Ditch  ought  to  be 
20  Toifes  in  Breadth,  and  3  Toifes  deep.  The  Ground  taken  out  in  making  of  the  Ditch, 
ferves  to  form  the  Rampart  with  its  Parapet,  and  the  Glacis  of  the  Cover'd  Way,  preferving 
the  fineft  for  the  Parapet  of  the  Body  of  the  Place,  and  the  Cover'd  Way ;  for  if  the 
Ground  be  ftony,  Cannon-Balis,  coming  from  the  Beliegers  againft  Parapets  made  with  it, 
will  make  the  Stones  fly  about,  and  annoy  the  Soldiers  defending  the  Body  of  the  Place.  On 
the  contrary,  when  the  Ground  is  fine,  the  Bullets  will  but  make  Holes,  and  enter  therein, 
provided  Parapets  have  Breadth  enough  to  deaden  them :  by  Experience  it  is  found,  that 
Parapets  muft  conlift  of  well-rammed  Earth  at  leaft  20  Foot  thick,  to  be  Proof  againft 
Cannon. 

The  Parapet  is  made  upon^tlie  Rampart  24  Feet  borad,  containing  the  Banquette,  or  little 
Bank,  made  parallel  to  the  Faces,  Flanks,  and  Courtains,  forming  the  Inclofure  of  the  Place. 

The  Bafe  of  the  Rampart  is  1?  Toifes  broad,  and  is  made  parallel  to  the  Courtains  only, 
to  the  end  that  the  Baftions  may  be  full,  and  that  there  may  be  there  found  Earth  in  cafe  of 
need,  to  make  an  Intrenchment. 

When  any  Baftion  is  left  open,  a  Mine  muft  be  made  therein  well  arched,  Bomb  proof, 
and  covered  with  Ground  well  rammed,  and  it  muft  be  endeavour'd  to  be  made  fo  that  the 
Rain-Water  cannot  get  into  it,  to  the  end  that  Provifions  put  therein,  may  be  preferved 
from  time  to  time. 

The  Cover'd  Way  is  made  parallel  without  the  Ditch,  about  5  Toifes  broad,  and  upon  it 
there  is  a  Parapet  made  6  Foot  high,  and  a  Banquette,  at  the  Foot  of  the  faid  Parapet,  3 
Foot  broad,  and  a  Foot  and  a  half  high,  fo  that  Soldiers  may  commodioufly  ufe  their  Arms 
on  the  Top  of  the  Parapet,  whofe  Top  muft  be  en  Glacis,  that  is,  having  a  Defcent  or  Slope 
going  down  20  or  30  Toifes  into  the  Country. 

There  muft  be  no  hollow  Places  about  this  Glacis,  for  the  Enemy  to  cover  themfelves  in ; 
therefore  when  an  Ingineer  vifits  the  Fortification  of  a  Place,  it  is  requifite  for  him  reexamine 
the  adjacent  Parts,  and  have  the  hollow  Places  filled  up,  at  leaft  within  the  reach  of  a  Muf- 
quet-fhot from  the  Cover'd  Way ;  and  alfo  to  have  all  Places  too  high  levelled,  that  fo  thofe 
which  defend  the  Place,  may  difcover  all  the  adjacent  Parts. 
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To  draw  tie  Profit  oj  a  Fortified  Place  upon  Paper. 

Draw  the  indefinite  Line  O  N,  reprefenting  the  Level  of  the  Country,  and  take  15  Toifes, 
Tig.  :.  which  lay  off  from  O  to  Q,  for  denoting  the  Bafe  of  the  Rampart ;  then  lay  oft"  20  Toifes 

from  Qjo  R,  for  the  Breadth  of  the  Ditch,  over-againft  one  of  the  Facesi>f  the  Baftion,  for 
it  is  wider  over-againft  the  Courtain  :  lay  off  5  Toifes  from  R  to  P,  for  the  Breadth  of  the 
Cover'd  Way  ;  and  laftly,  20  or  30  Toifes  from  P  to  N,  for  the  Bafe  of  the  Glacis.  Note,  the 
longer  the  Bafe  of  the  Glads  is  made,  the  better  will  it  be. 

After  having  determined  the  Breadths  or  Thicknefles  ;  the  Heights  above  the  Level  of  the 
Country,  and  Depths  beiow,  mult  be  as  follows. 

Take  3  Toifes  from  your  Scale,  and  raife  from  the  Points  O,  Q,  Perpendiculars  of  that 
Height,  for  railing  above  the  Level  of  the  Country  the  Platform  of  the  Rampart,  whereof 
O  S  is  the  interior  Talud,  or  Slope,  going  up  from  the  City  to  the  Platform  of  the  Ram- 
part S  T  ;  which  Platform  ought  to  be  6  or  7  Toifes  broad,  that  fo  C«anon  may  be  commo- 
diouiiy  ufed  thereon,  as  alfo  the  other  neceffary  Munitions  for  the  Defence  of  the  Place. 

Note,  The  Riling  of  the  Rampart  ought  to  be  very  eafy  over-againft  the  Gorge  of  the 
Bafiions,  for  Coaches  to  go  eafily  there  up  and  down  it. 

The  Bafe  of  the  Talud  OZ,  is  made  with  new-dug  Earth,  equal  to  the  Height  all  along 
the  Courtains;  as  if  the  Height  be  3  Toifes,  the  Bafe  of^he  Slope  mud  be  alfo  3  Toifes. 

But  at  the  Entry  of  the  Baftions,  the  Bale  muft  be  at  leaft  twice  the  Height ;  that  is,  if 
the  Height  of  the  Slope  be  3  Toifes,  the  Bafe  of  it  muft  be  at  leaft  6  or  8  Toifes,  for 
Coaches  to  go  up  it. 

When  the  Rampart  is  formed,  and  the  Earth  fufficiently  raifed  upon  it,  which  cannot  be 
done  but  with  Time  and  Precaution,  in  well  ramming  it  every  2  Feet  in  Height,  and  laying 
Fafcines  to  keep  it  together  ;  a  Parapet  is  made  upon  the  Earth  of  the  Rampart,  6  Feet  of 
interior  Height,  and  4  Feet  of  exterior  Height,  (for  the  Top  of  the  Earth  to  have  a  Decli- 
vity) to  difcovcr  any  thing  beyond  the  Ditch,  and  being  mounted  upon  the  Banquette, 
the  Cover'd  Way  may  be  feen,  and  defended  in  cafe  of  Need. 

The  Bafe  of  the  Parapet  X  Y,  ought  to  be  about  4  Toifes  broad,  to  the  end  that  the 
Top  thereof  may  be  at  leaft  20  Feet  broad.  At  the  Bottom  of  the  interior  Slope  of  the  Para- 
pet, there  is  made  a  little  Bank  3  Foot  wide,  and  a  Foot  and  a  half  high,  fo  that  the  Para- 
pet will  be  4  i  Feet  above  the  Bank,  which  is  fufficient  for  Soldiers  to  ufe  their  Fire-Arms 
on  the  Top  thereof. 

Care  mud  be  taken  to  lay  Beds  of  Fafcines  every  Foot  in  height,  between  the  Earth  of  the 
Parapet;  and  in  order  to  keep  the  Earth  of  the  faid  Parapet  from  crumbling,  it  is  co- 
vered with  Grafs  -Turfs,  cut  with  a  Turfing-Iron,  from  fome  neighbouring  Common,  about 
15  inches  long,  and  10  broad. 

Now  to  lay  thefe  Turfs,  you  muft  place  the  firft  Bed,  or  Row  of  them,  very  level  all 
along  the  "Diftance  of  feveral  Toifes,  and  then  lay  the  Turfs  of  the  fecond  Bed  fo,  that  the 
joints  of  the  firft  may  be  covered  with  them,  and  the  Joints  of  the  fecond  likewife  covered 
with  the  Joints  of  the  third,  &c.  that  fothey  may  all  make  a  good  joining. 

It  is  fuf£cient  to  give  2  Inches  of  Declivity  to  one  Foot  in  height,  for  the  interior  Slope; 
and  about  4  Inches  to  one  Foot  in  height,  for  the  exterior  Slope  of  the  Parapet.  Note,  There 
ought  to  be  Gardiners  to  cut  and  lay  the  Turfs. 

At  the  Foot  of  the  exterior  Slope  of  the  Parapet  and  the  Rampart,  there  is  left  a  little 
Berm  (marked  Qj  about  4  Feet  wide,  for  retaining  the  loofe  Ground  falling  down  from  the 
Slope. 

Q^B  reprefents  the  inward  Slope  of  the  Ditch,  which  is  3  Toifes  deep,  and  B  K  is  the  ex- 
tenor  Slope.  It  the  Ground  be  brittle,  they  muft  have  more  Slope  given  them,  for  hindring  its 
falling  to  the  Bottom  of  the  Ditch.  The  Line  KP  reprefents  the  Platform  of  the  Cover'd 
Way-,  which  muft  be  5  Toifes  broad.  P  A  reprefents  the  Parapet  of  the  Cover'd  Way,  with 
its  Banquette  at  the  Foot  thereof.  The  whole  muft  be  6  Feet  high,  for  covering  thofe 
which  are  on  the  Covered  Way. 

The  fuperior  Slope  of  the  Glacis  A  N,  ought  to  be  made  of  fine  Earth,  the  Stones  in 
which,  if  there  be  any,  muft  be  taken  away  with  an  Iron  Rake,  and  buried  at  the  Foot  of 
the  Glacis,  fo  that  Cannon-Bails  fhot  from  the  Enemy  upon  the  Cover'd  Way,  may  enter 
therein,  without  making  the  broken  Pieces  of  the  Scones  fly  about  upon  the  Cover'd  Way. 

To  lay  ojf  the  Plan  of  a  Fortification  upon  the  Ground. 
Let,  for  Example,   the,  Plan  of  the  firft  Figure  be  propofed  to  be  drawn  upon  the  Ground* 
Inflead  of  a  Scale  and  CompafTes,  there  muft  be  uled  Staffs,  the  Toife,  and  Lines  ;  there- 
fore, after  having  well  examined  the  Ground,  and  confidered  where  the  Gates  and  Baftions 
muft  be  made,  which  are  commonly  in  the  Middle -of  the  Courtains,  long  Staffs  muft   firft 
be  placed^  where  the  fknquant  Angles  of  the  Baftions  are  intended  to  be. 

Now  having  planted  a  long  Staff  upright,  in  the  Place  fixed  on  for  the  Point  of  the  Baf- 
tion, (marked  A)  meafure  very  exactly,  with  a  Toife  or  Chain,  90  Toifes;  at  the  End  of 
which  plant  a  Staff,  (marked  C)  :  from  the  Point  C  continue  that  Line  po  Toifes  more  ;  at 
the  End  of  which  plant  another  Staft^  which  will  be  the  Point  of  the  Baftion  B.     In  the 

mean 
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mean  time  you   arc  meafuring  with  Chains   or  Lines,  fome  Workmen   muft   follow,  and 
make  a  little  Trench  from  Staff  to  Staff,  before  the  Lines  are  taken  av.  ay. 

After  which,  a  Perpendicular  muft  be  drawn  from  the  Staff  C,  to  the  Trad  A  C  B. 

To  draw  the  faid  Perpendicular,  meafure  two  or  three  Toifes  from  C  to  A,  where  plant  a 
Staff ;  meafure  likewife  from  C  towards  Ban  equal  Number  of  Toifes,  at  the  end  of  which 
plant  a  fecond  Staff:  Take  two  Lines  very  equal,  and  having  made  Loops  in  the  two  ends  of 
each  of  them,  put  thofe  Loops  about  each  of  the  Staffs,  and  holding  the  two  other  ends  of 
the  Lines  in  your  Hands,  ftretch  them  till  they  join  upon  the  Ground,  and  in  their  point  of 
Junction  plant  a  third  Staff.  Laftly,  Faften  a  Line  tight  to  the  Point  C,  and  that  third 
Staff,  by  which  make  a  Tracl,  which  will   be  perpendicular  to  the  Line  A  C  B. 

Meafure  30  Toifes  from  the  Point  C  along  the  Trad,  at  the  end  of  which  plant  another 
Staff  very  upright,  which  will  fliew  the  Point  D  of  the  Plan.  Return  to  the  Staff  A,  from 
which  to  the  Staff  D  make  a  Trad  ;  along  which  from  the  Point  A  meafure  55  Toifes  td± 
wards  D,  for  the  Face  of  the  Baftion  A  E  ;  plant  a  Staff  in  the  Point  E,  for  denoting  the 
Angle  de  VEpaule. 

Go  to  the  Point  B,  and  there  make  the  fame  Operations  for  drawing  the  Face  B  F,  and 
plant  a  Staff  at  the  Angle  de  VEpaule  F. 

Produce  BF  from  D,  towards  G  ;  and  alfo  A  E  from  D  towards  H  ,•  then  meafure  with 
the  Scale  of  the  Plan  the  Lines  D  G,  D  H,  and  lay  off  their  Lengths  on  the  Ground  from 
D  to  G,  and  from  G  to  H,  where  plant  Staffs  :  After  whch  it  will  be  eafy  to  draw  the 
Flanks  EG,  F  H,  and  the  Courtain  G  H. 

By  this  means  you  will  have  one  Front  of  a  fortified  Place,  drawn  on  the  Ground  5  the 
others  may  be  drawn  in  the  fame  manner  by  Staffs  and  Lines. 

Note,  It  will  not  be  improper  to  examine  with  a  Semi-circle  or  Recipient-Angle,  whether 
the  Angles  drawn  upon  the  Ground  are  equal  to  thofe  taken  off  of  the  Plan,  and  to  rectify 
them  before  the  Works  are  begun. 

Care  muft  likewife  from  time  to  time  be  taken,  that  the  Trads  are  followed  ;  for  without 
thefe  Precautions,'there  will  fometimes  happen  great  Deformities. 

Of  the  ConfiruSiion  of  the  Outworks. 

The  Outworks  of  a  Fortification,  are  thofe  Works  made  without  the  Ditch  of  a  fortified 
Place,  to  cover  it  and  augment  its  Defence. 

The  moft  ordinary  kinds  of  thefe  Works,  are  the  Ravelins  or  Half-moons,  which  are 
formed  between  the  two  Baftions  upon  the  Flanquant  Angle  of  the  Counterfcarp,  and  before 
the  Courtain,  for  covering  the  Gates  and  Bridges  commonly  made  in  the  middle  of  the  Cour- 
tains,  as  the  Figures  P  P  fhow. 

The  Ravelins  are  compofed  of  two  Faces  furni  fried  with  one  or  two  little  Banks,  and  a  good 
Parapet  raifed  on  the  fide  next  the  Country  ;  and  two  Demigorges,  without  a  Parapet,  on 
the  fide  next  to  the  Place,  with  an  Entrance  and  Slope  for  mounting  the  great  Ditch  on  the 
Platform  of  the  Ravelin. 

In  each  Ravelin  there  is  built  a  Corps-de-Garde,  to  fheltcr  the  Soldiers  neceffary  for  its  De- 
fence, from  the  Injuries  of  Weather ;  but  it  is  proper  for  the  Corps-de-Garde  to  be  built  in 
form  of  a  Redoubt,  with  Battlements  all  round,  for  the  Soldiers,  in  cafe  of  being  attacked, 
to  retire  in,  and  obtain  fome  Capitulation,  before  they  lay  down  their  Arms. 

To  draw  a  Ravelin  before  a  Courtain,  open  your  Compaffes  the  length  of  the  interior  fide  of 
the  Polygon,  and  having  fixed  one  of  the  Points  in  one  of  the  ends  of  the  Line,  with  the  other 
Point  defcr'ibe  an  Arc  without  the  Counterfcarp ;  likewife  fet  one  Foot  of  the  Compaffes  in 
the  other  end  of  the  interior  fide,  and  with  the  other  Point  defcribe  a  fecond  Arc,  cutting  the 
firft  in  a  Point,  which  will  be  the  Point  or  Flanquant  Angle  of  the  Ravelin  :  then  lay  a  Ruler 
on  the  aforefaid  Interfedion,  and  upon  each  of  the  ends  of  the  interior  fide  of  the  Polygon, 
for  drawing  the  Faces  of  the  Ravelin,  which  Will  terminate  to  the  Right  and  Left  upon  the 
edge  of  the  Counterfcarp.  The  two  Demigorges  are  drawn  from  the  end  of  each  Face,  to 
the  Rentrant  Angle  of  the  Counterfcarp. 

But  that  the  Flanquant  Angle  may  not  be  too  acute,  its  Capital  R  S  muff  be  but  about  40 
Toifes ;  and  proceed  with  the  reft,  as  before. 

Sometimes  a  fimilar  Work  is  made  before  the  Point  of  a  BlrYidri ;  and  fince  its  Gorge  is 
built  upon  the  edge  of  the  Counterfcarp,  which  is  commonly  rounded  over-againft  the 
Point  of  the  Baftions,  this  Work  is  called  a  Half-moon,  (becaufe  its  Gorge  is  in  the  form  of 
an  Arc)  :  They  are  very  often  confounded,  and  the  greateft  part  of  the  Soldiers  give,  with- 
out diftindion,  the  Name  of  Half-moons  to  Ravelins  made  before  the  Courtains. 

The  Defed  of  this  Work  is,  that  it  is  too  diftant  from  the  Flanks  of  the  Baftions,  for  being 
fufficiently  defended  by  them  ;  therefore  a  Half-moon  muft  not  be  made  before  the  Point  of  a 
Baftion,  unlefs  at  the  fame  time' there  are  made  other  Out-wbr'ks  to  the  Right  and  Lett  before 
the  adjacent  Courtains,  to  defend  it. 

It  is  proper  for  thefe  Works  to  be  lined  with  Walls,  as  Well  as  the  Body  of  the  Plafee  ;  for 
when  they  are  not,  the  Ground  muft  have  fo  great  a  flope,  that  it  will  be  eafy  to  mount  the 
Works. 

In 
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In  the  mean  time  the  new-dug  Earth  the  Works  are  made  with,  muft  fettle  at  leaft  a 
Year  or  two  before  the  Walls  are  built,  to  the  end  that  the  Walls  may  not  be  tin-own  down 
by  it  after  they  are  built. 

ConfiruBion  of  the  Hornworks. 
pi„  ,  Thefe  kind  of  Works  are  commonly  made  before  the  Courtains,  and  becaufe  the  Expence 

in  making  them  is  greater  than  the  Expence  in  making  the  Ravelins,  they  are  not  made  with- 
out abfolute  neceflity  ;  they  ferve  to  cover  fome  fide  of  the  Place,  weaker  than  the  others  ; 
they  likewife  ferve  to  occupy  an  Height,  which  cannot  be  done  by  Perfons  inclofed  in  the 
Body  of  the  Place. 

Now  to  draw  a  Hornwork,  firft  raife  the  Indefinite  Perpendicular  1,2,  on  the  middle  of 
the  Courtain  ;  and  to  this  Line  draw  two  Parallels  3,  4,  and  j,  6,  from  the  Angles  de  I'Epaules. 
Thefe  two  Parallels,  which  are  called  the  Whings  of  the  Hornwork,  ought  to  draw  their 
defence  from  the  Faces  of  the  Baftions  ;  whence  their  length  ought  not  much  to  exceed  120 
Toifes,  counting  from  the  Epaulet.  Thro'  the  ends  of  the  Whings  draw  the  Line  4, 6,  which 
will  be  the  exterior  fide  of  the  Hornwork,  and  is  divided  into  two  equal  parts  in  the  Point 
7,  by  the  Perpendicular  1,2;  then  take  half  that  exterior  fide  in  your  CompalTes,  and  lay  it 
off  upon  the  fides,  from  4  to  8,  and  from  6  to  9  ;  draw  the  Lines  4,  9,  and  <5,  8,  which  inter- 
fering one  another  in  the  Point  10,  will  form  the  Angle  of  the  Tenailk,  that  reprefer.ts  a  Work 
called  the  Simple  lenaille,  which  is  common  enough  made  before  the  Courtains,  with  a  little 
Ravelin  without  the  Ditch,  between  the  two  Saliant  Angles,  and  over-againft  the  middle 
of  the  Rentrant  Angle. 

But  to  ftrengthen  this  Work,  there  is  added  thereto  two  Demi-baftions,  and  a  Courtain  be- 
tween them  ;  which  is  better  than  two  fimple  Rentrant  Angles. 

To  draw  the  Demibaltions,  bifecT:  the  Line  4,  10,  in  the  Point  n  ;  and  likewife  the  Line 
10,6,  in  the  Point  12 ;  then  from  the  Points  11  and  12,  draw  to  the  middle  of  the  Cour- 
tain of  the  Place,  as  at  the  Point  1,  the  occult  Lines  121,  in,  by  which  means  will  be  had 
the  little  Courtain  13 14  of  the  Hornwork,  the  two  Flanks    n  13,  12 14,  and  the  two  Faces 

114,     125. 

The  Sides  of  thefe  Works,  which  are  next  to  the  Country,  (as  the  Demi-baftions,  the 
Courtain,  and  the  Wings  of  the  Hornwork  are)  ought  to  be  furnifh'd  with  a  good  Parapet 
of  fine  Earth  well  rammed,  18  or  20  Feet  thick,  and  6  Feet  high  before,  containing  a  Ban- 
quette, like  that  in  the  Body  of  a  Place  ;  obferving  at  all  times,  that  the  Parapets  of  the 
Works  nigher  the  Center  of  the  Place,  muft  be  higher  above  the  Level  of  the  Country,  than 
thofe  Works  more  diftant ;  to  the  end  that  when  the  Befiegers  have  made  themfelves  Mailers 
of  fome  Outwork,  the  Befieged,  defending  the  Body  of  the  Place,  feeing  them  altogether 
uncover'd,  may  diflodge  them  therefrom. 

Thefe  Parapets  ought  to  be  fuftained  by  a  Rampart,  whofe  Platform  having  a  Banquette, 
is  three  or  four  Toifes  wide  ;  but  when  Earth  is  wanting,  we  muft  be  content  to  make 
feveral  little  Banks  upon  one  another  eighteen  Inches  high,  and  three  or  four  Feet  broad  ; 
and  the  Parapet  ought  to  be  about  4%  Feet  above  the  higheft  Bank,  for  covering  the  Soldiers  : 
the  top  of  the  Parapet  muft  be  en  Glacis,  gradually  defcending  towards  the  Country,  fo 
that  the  Befieged  may  fee  the  Enemy. 

The  parts  of  thofe  Works,  which  are  next  the  Place,  muft  be  without  a  Parapet,  and  only 
inclofed  with  a  fingle  Wall,  or  a  Row  of  Palifadoes,  to  avoid  the  Surprizes  of  the  Enemy. 
It  is  on  this  fide  that  a  Gate  muft  be  (for  a  Communication  from  the  Works  to  the  Body  of  the 
Place  i)  as  alfo  the  Corps- de-Garde,  for  covering  the  Soldiers  defigned  for  its  defence. 

All  thefe  Works  ought  to  be  environed  with  a  Ditch  10  or  12  Toifes  broad,  communica- 
ting with  the  Ditch  of  the  Body  of  the  Place,  and  alfo  as  deep. 

On  the  outfide  of  that  Ditch  is  made  a  Cover'd  Way  five  or  fix  Toifes  broad,  with  a  Pa- 
rapet, and  its  Bank,  commonly  furnifhed  with  an  enclofure  of  ftrong  Palifadoes,  drove  4  or 
5  Feet  into  the  Ground.  The  top  of  that  Parapet  muft  be  Hoped  next  to  the  Country, 
and  if  it  can  be  produced  20  or  30  Toifes  it  will  be  better  :  for  a  Slope  (or  Glacis)  cannot 
be  too  long  ;  becaufe,  by  means  thereof,  the  Enemy  cannot  approach  the  Body  of  the  Place, 
without  being  difcovered. 

The  Outworks  of  which  we  have  fpoken,  are  the  moft  common  ones  :  There  are  many 
other  forts  of  them,  which  we  fhall  not  mention,  it  requiring  a  great  Volume. 

How  to  meafure  the  Works  of  Fortifications. 

The  Ground  of  which  the  Ramparts  and  Parapets  are  formed,  is  generally  taken  out  of 
the  Ditches  made  about  the  Place ;  to  know  the  quantity  of  which,  meafure  the  Cavity  of 
the  Ditches,  and  reduce  it  to  Cubic  Toifes.  As,  for  example,  If  the  Ditch  over-againft 
the  Face  of  a  Baftion,  be  50  Toifes  long,  20  broad,  and  4  deep  ;  multiply  the  Length  by 
the  Breadth,  and  the  Product  will  be  1000  fquare  Toifes,  which  multiply *d  by  4  the  Depth, 
and  there  will  arife  4000  Cubic  Toifes. 

Note,  That  fince  there  is  a  neceflity  to  give  the  Ground  a  great  flope,  to  keep  it  from 
crumbling  to  the  bottom,  the  Ditch  will  be  wider  at  the  top  than  at  the  bottom  ;  whence, 

if 
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if  a  Ditch  be  20  Feet  broad  in  the  middle  of  its  Depth,  at    the     top  it  muft  at  leaft  be  22 
Toifes   broad,  and    18  Toifes   at  the  bottom  :  Thofe   22  Toifes  added  to   18,  make 40 
vhofe  halt*  20,  is  the  mean  Breadth  to  be  ufed. 

The  Stone,  or  Brick-work,  keeping  together  the  Earth,  ought  to  have  thicknefs  propor- 
tionable to  its  height,  and  alfo  about  a  Foot  in  Talud,  the  height  of  every  Toife. 

If,  for  example,  a  Wall  be  built  to  fuftain  the  Earth  of  the  Rampart  of  a  Place,  and  it  is 
6  Toifes  high,  the  leaft  thicknefs  that  can  be  given  to  that  height,  at  the  top,  muft  be  3 
Feet,  and  at  the  bottom,  juft  above  the  Foundation,  o  Feet,  becaufe  of  its  Talud  of  1  Foot 
every  Toife  in  height:  Now  thefe  two  thicknefles  9  and  3  make  12,  whofe  half  6 
Feet  is  the  mean  thicknefs  of  the  Wall ;  and  confequently,  to  line  the  Face  of  a  Baftion 
50  Toifes  long,  6  Toifes  high,  and  one  Toife  of  mean  thicknefs,  there  muft  be  300  Cubic 
Toifes  of  Walling,  excluding  the  Foundation,  which  cannot  be  determined  without  knowing 
the  Ground.  Befides  this,  there  are  commonly  made  Counter-forts  for  fuftaining  the  Earth, 
and  hindering  its  preffing  too  much  againft  the  Walls.  Thcfe  Countec-forts  ought  to  be 
funk  in  firm  Ground,  and  enter  in  the  dug  Earth,  at  leaft  a  Toife  ;  the,  are  7  or  8  Feet 
broad  at  the  Root,  that  is,  on  the  fide  wnere  they  are  fattened  to  the  Wall,  and 
4  or  5  Feet  at  the  end,  going  into  the  Earth  ot'  the  Rampart ,  which  amounts  to  one  Toife 
of  Surface,  in  fuppofing  (as  we  have  already)  that  the  Root  is  7  Feet,  and  the  end  going 
into  the  Earth  of  the  Rampart  5  Feet,  which  makes  12  Feet,  half  of  which  being  6  is  the 
mean  thicknefs ;  and  fuppofing  them  4  Toifes  in  height,  oue  with  another,  each  will  be 
4  Cubic  Toifes  :  and  fince  there  ought  to  be  10  m  the  extent  of  ;o  Toifes,  the  Stone  or 
Brick-work  of  10  Counter-forts  will  be  40  Cubic  Toifes  :  So  that  there  will  be  about  tooo 
Cubic  Toifes  to  wall  the  two  Faces,  and  the  Flanks-of  a  Baftion  ,  and  to  wall  a  Courcain 
80  Toifes  in  length,  there  muft  be  about  600  Cubic  Toifes  of  Stone  or  Brick-work  ;  whence 
the  Walling  for  the  whole  Place  may  be  eafily  computed. 

Note,  It  is  better  to  make  an  Eftimation  too  great,  than  too  little. 

It  remains  that  we  fay  fomething  of  the  Carpenters  Toife,  required  to  conftruct  Bridges 
and  Gates,  and  other  Works  of  the  like  Nature. 

In  meafuringof  Timber,  we  reduce  it  to  Solives. 

A  Solive  is  a  Piece  of  Timber  12  Feet  long,  and  36  Inches  in  furface  3  that  is,  6  Inches 
broad,  and  6  thick,  which  makes  3  Cubic  Feet  of  Timber,  being  the  feventy  fecond  part  of 
a  Cubic  Toife. 

We  fhall  give  here  two  Ways  of  Calculation,  to  the  end  that  the  one  may  prove  the 
other. 

The  firft  is,  to  reduce  the  bignefs  of  the  Piece  of  Timber  into  Inches,  that  is,  the  Inches 
of  its  breadth  and  thicknefs,  and  after  having  multiplied  thefe  two  Quantities  by  one  ano- 
ther, the  Product  muft  be  multiplied  by  the  Toifes,  Feet  and  Inches  ;of  its  length,  which 
laft  Product  being  divided  by  72,  the  Quotient  will  give  the  Number  of  Solives  con- 
tained in  the  Piece  of  Timber. 

The  Reafon  of  this  is,  becaufe  72  Pieces,  1  Inch  Bafe,  and  a  Toife  long,  make  a 
Solive. 

Suppofe,  for  example,  a  great  Piece  of  Timber  is  to  be  reduced  to  Solives,  whofe  length 
is  2  Toifes,  4  Feet,  6  Inches,  and  12  by  15  Inches  Bafe ;  multiply  15  by  12,  the  Product  is 
1  go  fquare  Inches,  which  again  multiplied  by  2  Toifes,  4  Feet,  6  Inches,  and  theProduft 
405,  divided  by  12,  will  give  61  Solives. 

The  fecond  Method  is  founded  upon  this,  that  a  Solive  contains  3  Cubic  Feet. 

As,  for  example,  If  a  Piece  of  Timber  (the  fame  as  before)  be  2  Toifes,  4  Feet,  6  Inches 
long,  and  Bafe  be  12  by  15  Inches  j  multiplying  12  by  15,  the  Product  will  be  180  fquare 
Inches;  the  12th  part  of  that  Number,  which  is  15,  being  confidered  as  Feet,  makes  2 
Toifes  3  Feet,  which,  multiplied  by  the  length  2  Toifes,  4  Feet,  6  Inches,  make  6  Solives, 
5  Feet,  and  3  Inches  :  So  that  there  wants  but  9  Inches,  or  the  eighth  part  of  a  Toife,  to 
make  7  Solives,  as  in  the  Calculation  of  the  firft  Method. 
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ADDITIONS  of  English  Instruments. 

Of  the  Theodolite,  Plain-Table,  Circurnferentor, 
and  Surveying-Wheel. 
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CHAP.    I 

Of  the  Theodolite. 


Fig-  B.,         J    I    1  HIS  Theodolite  confifts  of  a  Brafs  Circle,  cut  in  form  of  the  Figure  B,  ufually 
about  12  or  14  Inches  in  Diameter,  whofe  Limb  is  divided  into  360  Degrees,  and 
m       each  Degree  into  as  many  Minutes  either  Diagonally,  or  otherwife,  as  the  large- 
nefs  of  the  Inftrument  will  admit. 

Underneath,  at  the  Places  c  c  of  this  Circle,  are  fixed  two  little  Pillars  d  dy  for  fupporting 
an  Axis,  upon  which  is  fixed  a  Telefcope  with  a  fquare  Brafs  Tube,  having  two  GlafTes 
therein,  for  better  perceiving  Objefts  at  a  great  diftance  ;  whence  this  Telefcope  may  be 
raifed  or  lowered,  according  as  Obje&s  be  Horizontal  or  not.  The  ends  of  the  aforefaid 
Pillars  are  joined  by  the  Piece  g  g,  upon  the  middle  of  which  is  folder'd  a  Socket  with  its 
Screw,  for  receiving  the  top  of  the  Ball  and  Socket  E.  Upon  and  about  the  Center  of  the 
Fis.  G  Circle  B,  muft  the  Index  C  move,  which  is  a  Circular  Brafs  Plate,  having  upon  the  middle 
thereof  a  Box  and  Needle,  or  Compafs,  whofe  Meridian  Line  anfwers  to  the  Fiducial  Line 
a  a.  At  the  Places  b  b  of  the  Index  are  fixed  two  little  Pillars  for  fupporting  an  Axis,  car- 
rying a  Telefcope  in  the  middle  thereof,  whofe  Line  of  Collimation  muft  be  anfwerable  to 
the  Fiducial  Line  a  a  of  the  Index.  This  Telefcope  hath  a  fquare  Brafs  Tube,  and  two 
Glafles  therein,  and  may  be  raifed  or  lowered,  like  that  beforemention'd.  At  each  end  of 
one  of  the  Perpendicular  fides  of  each  Tube  of  the  Telefcopes,  are  fixed  four  fmall  Sights 
for  viewing  nigh  Objefts  thorough  them. 

The  ends  of  the  Index  a  a  are  cut  Circular,  fo  as  to  fit  the  Divifions  upon  the  Limb  of 
the  Circle  B,  and  when  the  faid  Limb  B  is  Diagonally  divided,  the  Fiducial  Line  at  one  end 
of  the  Index  (hews  the  Degrees  and  Minutes  upon  the  Limb.  But  when  the  Limb  is  only 
divided  into  Degrees,  and  every  30th  Minute,  we  have  a  much  better  Contrivance  for  find- 
ing the  Degrees,  and  every  2  Minutes  upon  the  Limb,  which  is  thus  :  Let  the  half  Arc/>  a 
of  one  end  of  the  Index  contain  exactly  8  Degrees  of  the  Limb ;  then  divide  the  faid  half 
Arc  into  15  equal  Parts,  at  every  five  of  which  fet  the  Numbers  ro,  20,  30,  beginning 
from  the  Fiducial  Line  or  middle  of  the  Index.  Now  each  of  thefe  equal  Parts  will  be  32 
Minutes  :  Therefore  if  you  have  a  mind  to  fet  the  Fiducial  Line  of  the  Index  to  any  Num- 
ber of  Degrees,  and  every  2  Minutes  upon  the  Limb;  for  example,  to  40  Degrees  10  Mi- 
nutes ;  move  the  Index  fo,  the  Fiducial  Line  being  between  the  40th  Degree,  and  the  40th 
Degree  and  30  Minutes,  that  the  Line  of  Divifion,  numbered  10  upon  the  Index,  may  ex- 
actly fall  upon  fome  Line  of  Divifion  of  the  Limb  ;  and  then  the  Fiducial  Line  will  fhew  40 
Degrees,  10  Minutes. 

Again  :  Suppofe  the  Fiducicl  Line  being  between  the  50th  Degree  and  30  Minutes,  and 
the  51ft,  then  that  Line  of  Divifion,  of  equal  Parts  on  the  Index,  exactly  falling  upon  fome 
Line  of  the  Divifions  of  the  Limb,  will  give  the  even  Minutes  above  50  Degrees  30  Minutes 
the  Fiducial  Line  Hands  at.  As  fuppofe  the  4th  Line  of  Divifion  of  the  Index  Hands  ex- 
actly agamft  fome  Line  of  Divifion  of  the  Limb  ;  then  the  Minutes  above  40  Degrees  30  Mi- 
nures  will  be  8,  that  the  Fiducial  Line  ftands  at  :    Underilund  the  fame  of  others. 

Fig.  D.  is  the  Brafs  Ball  and  Socket  in  which  goes  the  Head  of  the  three-Iegg'd  Staff  E, 
for  fupporting  the  Inftrument  when  ufing  :  Thefe  three  Legs  are  moveable  by  means  of 
Joints,  and  may  be  taken  fhorter  by  halfar  the  Places  #  a  a,  by  means  of  Screws,  for  better 
conveniency  of  Carriage. 

Thus 
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Thus  have  you  the  Led  Theodolite,  as  now  made  in  England,  briefly  defcribed. 

The  Ufe  thereot"  will  be  fufficiently  underftood  by  what  our  Author  fays  of  the  Ufe  or" 
the  Semi-circle,  (which  is  but  half  a  Theodolite)  and  I  in  the  Ufe  of  the  Plain-Table,  and 
Circumferentor. 

Note,Thete  are  fome  Theodolites  that  hare  no  Telefcopes,but  only  4  Perpendicular  Sights ; 
two  being  fattened  upon  the  Limb,  and  two  upon  the  ends  of  the  Index.  Note  likewife, 
That  the  Index,  and  Box  and  Needle,  or  Comnafs  of  the  Theodolite,  will  ferve  for  a  Cir- 
cumferentor. 

C  H  A  P.    II. 

Of  the  Confiruclion  and  Vfe  of  the  Plain-Table,    and  Circum- 
ferentor. 

THE  Table  itfelf  is  a  Parallelogram  of  Oak,  or  other  Wood,  about  15  Inches  long,  F;„  Fj 
and  12  broad,  confifting  of  two  feveral  Boards,  round  which  are  Ledges  of  the  fame 
Wood  ;  the  two  oppofite  of  which  being  taken  off,  and  the  Spangle  unskrewed  from  the  bot- 
tom, the  aforefaid  two  Boards  may  be  taken  afunder  for  eafe  and  conveniency  of  Carriage. 
For  the  binding  of  the  two  Boards  and  Ledges  faft,  when  the  Table  is  fet  together,  there 
is  a  Box  Tointed-frame,  about  4  of  an  Inch  broad,  and  of  the  fame  thick  nefs  as  the  Boards 
which  may  be  folded  together  in  6  Pieces.  This  Frame  is  fo  contrived,  that  it  may  be  taken 
off  and  put  on  the  Table  at  pleafure,  and  may  go  eafily  on  the  Table,  either  fide  being  up- 
wards. This  Frame  alfo  is  to  fatten  a  Sheet  of  Paper  upon  the  Table,  by  forcing  down  the 
Frame,  and  fqueezing  in  all  the  edges  of  the  Paper  ;  fo  that  it  lies  firm  and  even  upon  tl.e 
Table,  that  thereby  the  Plot  of  a  Field,  or  other  Inclofure,  may  conveniently  be  drawn  up- 
on it. 

On  both  fides  this  Frame,  near  the  inward  edge,  are  Scales  of  Inches  fubdivided  into  10 
equal  Parts,  having  their  proper  Figures  fet  to  them.  The  Ufes  of  thefe  Scales  of  Inches,  are 
for  ready  drawing  of  Parallel  Lines  upon  the  Paper;  and  alfo  for  fhifting  your  Paper,  when 
one  Sheet  will  not  hold  the  whole  Work. 

Upon  one  fide  of  the  faid  Box  Frame,  are  projected  the  360  Degrees  of  a  Circle  from  a 
Brafs  Center-hole  in  the  middle  of  the  Table.  Each  of  thefe  Degrees  are  fubdivided  into 
30  Minutes;  to  every  10th  Degree  is  fet  two  Numbers,  one  expreffing  the  proper  Number 
of  Degrees,  and  the  other  the  Complement  of  that  Number  of  Degrees  to  350.  This  is 
done  to  avoid  the  trouble  of  Subftra&ion  in  taking  of  Angles. 

On  the  other  fide  of  this  Frame,  are  proje&ed  the  180  Degrees  of  a  Semi-circle  from  a 
Brafs  Center-hole,  in  the  middle  of  the  Table's  length,  and  about  a  fourth  part  of  its  breadth. 
Each  of  thefe  Degrees  are  fubdivided  into  30  Minutes;  to  every  10th  Degree  is  fet  likewife, 
as  on  the  other  fide,  two  Numbers ;  one  expreffing  the  proper  Number  of  Degrees,  and  the 
other  the  Complement  of  that  Number  of  Degrees  to  180,  for  the  fame  Reafon,  as 
before. 

The  manner  of  projecting  the  Degrees'on  the  aforefaid  Frame,  is,  by  having  a  large  Circle 
divided  into  Degrees,  and  every  30  Minutes:  For  then  placing  either  of  the  Brafs  Center- 
holes  on  the  Table,  in  the  Center  of  that  Circle  fo  divided,  and  laying  a  Ruler  from  that  Center 
to  the  Degrees  on  the  Limb  of  the  Circle  ;  where  the  edge  of  the  Ruler  cuts  the  Frame, 
make  Marks  for  the  Correfpondent  Degrees  on  the  Frame. 

The  Degrees  thus  inferted  on  the  Frame,  are  of  excellent  ufe  in  wet  or  ftormy  Weather, 
when  you  cannot  keep  a  Sheet  of  Paper  upon  the  Table.  Alfo  thefe  Degrees  will  make  the 
Plain-Table  a  Theodolite,  or  a  Semi-circle,  according  as  what  fide  of  the  Frame  is  upper- 
moft. 

There  is  a  Box,  with  a  Needle  and  Card,  cover'd  with  a  Glafs,  fixed  to  one  of  the  long 
fides  of  the  Table,  by  means  of  a  Screw,  that  thereby  it  may  be  taken  oft"  This  Box  and 
Needle  is  very  ufeful  for  placing  the  Inftrument  in  the  fame  Polition  upon  every  remove. 

There  belongs  to  this  Inftrument  a  Brafs  Socket  and  Spangle,  fcrewed  with  three  Screws 
to  the  bottom  of  the  Table,  into  which  mutt  be  put  the  Head  of  the  three-legged  Staff, 
which  may  be  fcrewed  laft,  by  means  of  a  Screw   in  the  fide  of  the  Socket. 

There  is  alfo  an  Index  belonging  to  the  Table,  which  is  a   large  Brafs  Ruler,  at  leaft   16 

Inches  long,  and  2  Inches  broad,  and  fo  thick  as  to  make  it  ftrong  and  firm,  having  a  floped 

Edge,  called  the  Fiducial  Edge,  and  two  Sights  fcrewed  perpendicularly   on  it,  of  the  fame 

height.     They  mud   be  fet  on   the  Ruler  perfectly  at  the  fame  diftance  from  the  Fiducial 

Edge.     Upon  this  Index  it  is  ufual  to  have  many  Scales  of  equal  Parts,  as  alfo  Diagonals,  and 

Lines  of  Chords.  ■  jj 

I 
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SECTION  I. 

Of  the  Cojtftruffiion  of  the  Circumferentor. 

Fi^G.  THIS  Inftrument  confifts  of  a  Brafs  Index  and  Circle,  all  of  a  ^iece  ;  the  Index  is  com- 

monly made  about  14  Inches  long,  an  Inch  and  half  broau,  and  of  a  convenient  thicknefs, 
The  Diameter  of  the  aforenamed  Circle  is  about  7  Inches.  On  this  C'rcle  is  made  a  Card, 
whofe  Meridian  Line  anfwers  to  the  middle  of  the  Breadth  of  the  Index  :  That  Card  is  di- 
vided into  -3,60  Degrees.  There  is  a  Brafs  Ring  folder'd  on  the  Circumference  of  the  Circle, 
on  which  fcrews  another  Ring  with  a  flat  Glafs  in  it;  fo  that  they  make  a  kind  of  Box  to 
contain  the  Needle  fufpended  upon  the  Pivot  placed  in  the  Center  of  the  Circle. 

There  are  alfo  two  Sights  to  fcrcw  on,  or  Aide  up  and  down  the  Index,  like  thofe  before- 
named,  belonging  to  the  Index  of  the  Plain-Table  ;  as  likewife  a  Spangle  and  Socket  fcrew'd 
on  to  the  back-fide  of  the  Circle,  for  putting  the  Head  of  the  Staff  in. 

SECTION   It 

t)f  the  life  of  the  cPlai?i-ctahle  and  Circumferentor. 

BUT  fifft,  it  is  neceffary  to  know  how  to  fet  the  Parts  of  the  Plain-Table  together  to 
make  it  fit  for  ufe. 

When  you  would  make  your  Table  fit  for  ufe,  lay  the  two  Boards  together,  and  alfo  the 
Ledges  at  the  ends  in  their  due  Places,  according  as  they  are  marked.  Then  lay  a  Sheet  of 
white  Paper  all  over  the  Table,  which  mud:  be  ftretch'd  over  the  Boards,  by  putting  on  the 
Box  Frame,  which  binds  both  the  Paper  to  the  Boards,  and  the  Boards  to  one  another :  Then 
fcrew  the  Socket  on  the  back-fide  the  Table,  and  alfo  the  Box  and  Needle  in  its  due  Place, 
the  Meridian  Line  of  the  Card  lying  parallel  to  the  Meridian  or  Diameter  of  the  Table  ; 
which  Diameter  is  a  Right  Line  drawn  upon  the  Table,  from  the  beginning  of  the  Degrees 
thro'  the  Center,  and  fo  to  the  end  of  the  Degrees.  Then  put  the  Socket  upon  the  Head 
of  the  Staff,  and  there  fcrew  it  :  Alfo  put  the  Sights  upon  the  Index,  and  lay  the  Index  on 
the  Table.  So  is  your  Inftrument  prepared  for  ufe,  as  a  Plain-Table,  Theodolite,  or  Semi- 
circle. 

But  Note,  It  is  either  a  Theodolite,  or  Semi-circle,  according  as  the  Theodolite  or 
Semi-circular  fide  of  the  Frame  is  upwards  ;  for  when  you  ufe  your  Inftrument  as  a  Plain- 
Table,  you  may  place  your  Center  in  any  part  of  the  Table,  which  you  jUuge  moft  proper 
for  bringing  on  the  Work  you  intend.  But  if  you  ufe  your  Inftrument  as  a  Theodolite,  the 
Index  muft  be  turned  about  upon  the  Brafs  Center-hole  in  the  middle  of  the  Table  j  and  if 
for  a  Semi-circle,  upon  the  other  Brafs  Center-hole,  by  means  of  a  Pin  or  Needle  placed 
therein. 

If  you  have  a  mind  to  ufe  this  Inftrument,  as  a  Circumferentor,  you  need  only  fcrew  th 
Box  and  Needle  to  the  Index,  and  both  of  them  to  the  Head  of  the  Staff,  with  a  Brafs  Screw- 
Pin  fitted  for  that  purpofe  :  So  that  the  Staff  being  fixed  in  any  Place,  the  Index  and  Sights 
may  turn  about  at  pleafure,  without  moving  the  Staff. 

U  S  E  I.  How  to  meafure  the  Quantity  of  any  Angle  in  the  Field,  by  the  Plain-Table,  conjldered  a.t 

a  Theodolite,  Semi-circle,  and  Circumferentor. 

I.  Hoiv  to  cbferve  an  Angle  in  the  Field  by  the  Plain-Talk. 

Plate  14.  Suppofe  E,  K,  K  G,  to   be  two  Hedges,    or  two  Sides  of  a  Field,  including  the  Angle 

E  K  G,  and  it  is  required  to  draw  upon  the  Table  an  Angle  equal  thereto:  Firft  place  your  In- 

^§*  *•  ftrument  as  near  the  Angular  Point  K  as  conveniency  will  permit,  turning  it  about,  till  the 

North  End  of  the  Needle  hang  dire&ly  over  the  Meridian  Line  in  the  Card,  and  then  fcrew 
the  Table  faft.  Then  upon  your  Table,  with  your  Protra&ing-Pin  (which  is  a  fine  Needle 
put  into  a  Piece  of  Box  or  Ivory,  neatly  turned)  or  Compafs  Point,  affign  any  Point  at 
pleafure  upon  the  Table,  and  to  that  Point  apply  the  edge  of  the  Index,  turning  the  Index 
about  upon  that  Point,  till  thro*  the  Sights  thereof  you  fee  a  Mark  fet  up  at  E,  or  parallel  to 
the  Line  E  K  :  And  then  with  your  Protra&ing-Pin,  Compafs-Point,  or  Pencil,  draw  a  Line 
by  the  fide  of  the  Index  to  the  affigned  Point  upon  the  Table.  Then  (the  Table  remaining 
immoveable)  turn  the  Index  about  upon  the  forementioned  Point,  and  direel  the  Sights  to  the 
Mark  fet  up  at  G,  or  parallel  thereto,  that  is,  fo  far  diftant  from  G,  as  your  Inftrument  is 
placed  from  K.  ',  and  then  by  the  fide  of  the  Index  draw  another  Line  to  the  affigned  Point. 
Thus  will  there  be  drawn  upon  the  Table  two  Lines  reprefenting  the  Hedges  E  K,  and 
K  G  ;  and  which  include  an  Angle  equal  to  the  Angle  E  K  G.  And  tho  you  know  not  the 
Quantity  of  this  Angle,  yet  you  may  find  it,  if  required  :  For  in  working  by  this  Inftrument, 
it  isfufficient  only  to  give  the  Proportions  of  Angles,  and  not  their  Quantities  in  Degrees,  as 
in  working  by  the  Theodolite,  Semi-circle,  or  Circumferentor.  Alfo  in  working  by  the 
Plain-Table,  there  needs  no  Protraction  at  all,  for  you  will  have  upon  your  Tabic  the  true 

Figure 
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Figure  of  any  Angle  or  Angles  that  you  obferve  in  the  Field,  in  their  true  Pofitions,  with- 
out any  further  trouble. 

II.  How  to  find  the  Quantity  of  an  Angle  in  the  Field,  by  the  Plain-Table,  confided  das  a  Theodolite 

or  Semi- circle. 

Let  it  firft  be  required  to  find  the  Quantity  of  the  Angle  EKG  by  the  Plain-Table,  as  a  Fig.  i. 
Theodolite  :  Place  your  Inftrument  at  K,  with  the  Theodolite  fide  of  the  Frame  upwards, 
laying  the  Index  upon  the  Diameter  thereof;  then  turn  the  whole  Inftrument  about  (the  In- 
dex dill  reding  upon  the  Diameter)  till  thro  the  Sights  you  efpy  the  Mark  at  E  :  Then  fcrew- 
ing  the  Inftrument  fail  there,  turn  the  Index  about  upon  the  Theodolite  Center-hole  in  the 
middle  of  the  Table,  till  thro  the  Sights  you  efpy  the  Mark  at  G.  Then  note  what  Degrees 
on  the  Frame  of  the  Table  are  cut  by  the  Index,  and  thofe  will  be  the  Quantity  of  the  Angle 
EKG  fought. 

You  muft  proceed  in  the  fame  manner  for  finding  the  Quantity  of  an  Angle  by  the  Plain- 
Table  as  a  Semi-circle  ;  only  put  the  Semi-circle  fide  of  the  Frame  upwards,  and  move  the 
Index  upon  the  other  Center-hole. 

III.  How  to  obferve  the  Quantity  of  an  Angle  by  the  Circumferentor. 

If  it  be  required  to  find  the  Quantity  of  the  former  Angle  E  K  G  by  the  Circumferentor,  Fig-  *• 
Firft,  place  your  Inftrument  .(as  before)  at  K,  with  the  Flower-de-luce  in  the  Card  towards 
you.  Then  direct  your  Sights  to  E,  and  obferve  what  Degrees  are  cut  by  the  South-End  of 
the  Needle,  which  let  be  296  ;  then  turning  the  Inftrument  about  (the  Flower-de-luce  always 
towards  you)  direct  the  Sights  to  G,  noting  then  alfo,  what  Degrees  are  cut  by  the  South- 
End  of  the  Needle,  which  fuppofe  182.  This  done  (always)  fubftract  the  lefler  from  the 
greater,  as  in  this  Example  182  from  296,  and  the  remainder  is  114  Degrees;  which  is  the 
true  Quantity  of  the  Angle  E  KG. 

Again  ;  The  Inftrument  (landing  at  K,  and  the  Sights  being  directed  to  E,  as  before,  fup- 
pofe the  South-End  of  the  Needle  had  cut  79  Degrees  ;  and  then  directing  the  Sights  to  G, 
the  fame  end  of  the  Needle  had  cut  325;  Degrees.  Now,  if  from  32?  you  fubftract  79,  the 
remainder  is  246.  But  becaufe  this  remainder  245  is  greater  than  180,  you  muft  therefore 
fubftraft  246  from  360,  and  there  will  remain  114,  the  true  Quantity  of  the  Angle 
fought. 

This  adding  and  fubflracling  for  finding  of  Angles  may  feem  tedious  to  fome.  But  here 
note,  that  for  quick  difpatch  the  Circumferentor  is  as  good  an  Inftrument  as  any,  for  in  go- 
ing round  a  Field,  or  in  furveying  a  whole  Mannor,  you  are  not  to  take  notice  of  the  Quan- 
tity of  any  Angle  ;  but  only  to  obferve  what  Degrees  the  Needle  cuts :  as  hereafter  will  be 
man  i  fell. 

USE  II.  How  by  the  Plain-Table,  to  take  the  Plot  of  a  Field  at  one  Station  within  the  fame,  from 
whence  all  the  Angles  of  the  fame  Field  may  be  feen. 
Having  enter'd  upon  the  Field  to  furvey,  your  firft  work  muft  be  to  fet  up  fome  vifible  Fig.  a» 
Mark  at  each  Angle  thereof;  which  being  done,  make  choice  of  fome  convenient  Place  about 
the  middle  of  the  Field,  from  whence  all  the  Marks  may  be  feen,  and  there  place  your  Table 
covered  with  a  Sheet  of  Paper,  with  the  Needle  hanging  directly  over  the  Meridian  Line  of 
the  Card,  (which  you  muft  always  have  regard  to,  efpecially  when  you  are  to  furvey  many 
Fields  together.)  Then  make  a  Mark  about  the  middle  of  the  Paper,  to  reprefent  that  pare 
of  the  Field  where  the  Table  ftands ;  and  laying  the  Index  upon  this  Point,  direel  your 
Sights  to  the  feveral  Angles  where  you  before  placed  Marks,  and  draw  Lines  by  the  fide  of 
the  Index  upon  the  Paper.  Then  meafure  the  diftance  of  every  of  thefe  Marks  from  your 
Table,  and  by  your  Scale  fet  the  fame  diftances  upon  the  Lines  drawn  upon  the  Table,  mak- 
ing fmall  Marks  with  your  Prot rafting-Pin,  or  Compafs-Point,  at  the  end  of  every  of  them. 
Then  Lines  being  drawn  from  the  one  to  the  other  of  thefe  Points,  will  give  you  the 
exact  Plot  of  the  Field  ;  all  the  Lines  and  Angles  upon  the  Table  being  proportional  to  thofe 
of  the  Field. 

Example  ;  Suppofe  the  Plot  of  the  Field  A  B  C  D  E  F  was  to  be  taken.  Having  placed 
Marks  in  the  feveral  Angles  thereof,  make  choice  of  fome  proper  Place  about  the  middle  of 
the  Field,  as  at  L,  from  whence  you  may  behold  all  the  Marks  before  placed  in  the  feveral 
Angles ;  and  there  place  your  Table.  Then  turn  your  Inftrument  about,  till  the  Needle 
hang  over  the  Meridian  Line  of  the  Card,  denoted  by  the  Line  N  S. 

Your  Table  being  thus  placed  with  a  Sheet  of  Paper  thereon,  make  a  Mark  about  the 
middle  of  your  Table,  which  (hall  reprefent  the  Place  where  your  Table  ftands.  Then,  ap- 
plying your  Index  to  this  Point,  direct  the  Sights  to  the  firft  Mark  at  A,  and  the  Index 
refting  there,  draw  a  Line  by  the  fide  thereof  to  the  Point  L.  Then  with  your  Chain  mea- 
fure the  diftance  from  L,  the  Place  where  your  Table  ftands,  to  A,  the  firft  Mark,  which 
fuppofe  8  Chains,  10  Links.  Then  take  8  Chains  10  Links  from  any  Scale,  and  fet  that  dif- 
tance upon  the  Line  from  L  to  A. 

Then  directing  the  Sights  to  B,  draw  a  Line  by  the  fide  of  the  Index,  as  before,  and 
meafure  the  diftance  from  your  Table  at  L,  to  the  Mark  at  B,  which  fuppofe   8  Chains  75 

L  1  Links. 
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Links.  This  diftance  taken  from  your  Scale,  and  apply'd  to  your  Table  from  L  to  C,  will 
give  the  Point  C,  reprefenting  the  third  Mark. 

Then  direct  the  Sights  to  the  third  Mark  C,  and  draw  a  Line  by  the  fide  of  the  Index, 
meafuring  the  diftance  from  L  to  C,  which  fuppofe  10  Chains  65  Links.  This  diftance  be- 
ing taken  from  your  Scale,  and  apply'd  to  your  Table  from  L  to  C,  will  give  you  the  Point 
C,  reprefenting  the  third  Mark. 

In  this  manner  you  mud  deal  with  the  reft  of  the  Marks  at  D,  E,  and  F,  and  more,  if 
the  Field  had  confifted  of  more  Sides  and  Angles. 

Laftly  ;  When  you  have  made  Obfervations  of  all  the  Marks  round  the  Field,  and  found 
the  Points  ABCDE  and  F  upon  your  Table,  you  muft  draw  Lines  from  one  Point  to 
another,  till  you  conclude  where  you  firft  begun.  As,  draw  a  Line  from  A  to  B,  from  B  to 
C,  from  C  to  D,  from  D  to  E,  from  E  to  F,  and  from  F  to  A,  where  you  begun  j  theij 
will  A  B  C  D  E  F,  be  the  exact  Figure  of  your  Field,  and  the  Line  N  S  the  Me- 
ridian. 

Note,  Our  Chains  are  commonly  4  Poles  in  Length,  and  are  divided  into  one  hundred 
equal  Parts,  called  Links,  at  every  tenth  of  which  are  Brafs  Diftinftions  numbering  them. 

USE  III.  Tu  take  the  Plot  of  a  Wood,  Park,  or   other  large  Champain  Plain,  by  the  Plain-Table, 

in  meafuring  round  about  the  fame. 

Suppofe  ABCDEFGtobea  large  Wood,  whofe  Plot  you  defire  to   take  upon  the 
Plain-Table. 
Fig.  3.  I.  Having  put  a  Sheet  of  Paper  upon  the  Table,  place  your  Inftrument  at  the  Angle  A, 

and  direft  your  Sights  to  the  next  Angle  at  B,  and  by  the  fide  thereof  draw  a  Line  upon 
your  Table,  as  the  Line  A  B.  Then  meafure  by  the  Hedge-fide  from  the  Angle  A  to  the 
Angle  B,  which  fuppofe  12  Chains  5  Links.  Then  from  your  Scale  take  12  Chains  5  Links, 
and  lay  oft'  upon  your  Table  from  A  to  B.  Then  turn  the  Index  about,  and  direct  the  Sights 
to  G,  and  draw  the  Line  A  G  upon  the  Table.  But  at  prefent  you  need  not  meafure  the 
diftance. 

II.  Remove  your  Inftrument  from  A,  and  fet  up  a  Mark  where  it  laft  flood,  and  place 
your  Inftrument  at  the  fecond  Angle  B.  Then  laying  the  Index  upon  the  Line  A  B,  turn 
the  whole  Inftrument  about,  till  thro  the  Sights  you  fee  the  Mark  fet  up  at  A,  and  there 
fcrew  the  Inftrument.  Then  laying  the  Index  upon  the  Point  B,  direft  your  Sights  to 
the  Angle  C,  and  draw  the  Line  B  C  upon  your  Table.  Then  meafuring  the  diftance 
B  C  4  Chains  45  Links,  take  that  diftance  from  your  Scale,  and  fet  it  upon  your  Table  from 
B  to  C. 

III.  Remove  your  Inftrument  from  B,  and  fet  up  a  Mark  in  the  room  of  it,  and  place  your 
Inftrument  at  C,  laying  the  Index  upon  the  Line  C  B  ;  and  turn  the  whole  litrument  about, 
till  thro  the  Sights  you  efpy  the  Mark  fet  up  at  B,  and  there  faften  the  Inftrument.  Then 
laying  the  Index  on  the  Point  C,  direft  the  Sights  to  D,  and  draw  upon  the  Table  the  Line 
C  D.  Then  meafure  from  C  to  D  8  Chains  85  Links,  and  fet  that  diftance  upon  your  Table 
from  C  to  D. 

IV.  Remove  the  Inftrument  to  D,  (placing  a  Mark  at  C,  where  it  laft  flood)  and  lay  the 
Index  upon  the  Line  D  C,  turning  the  whole  Inftrument  about,  till  thro  the  Sights  you  fee 
the  Mark  at  C,  and  there  faften  the  Inftrument.  Then  lay  the  Index  on  the  Point  D,  and 
direct  the  Sights  to  E,  and  draw  the  Line  D  E.  Then  with  your  Chain  meafure  the  diftance 
DE13  Chains  4  Links,  which  lay  off  on  the  Table  from  D  to  E. 

V.  Remove  your  Inftrument  to  E,  (placing  a  Mark  at  D,  where  it  laft  flood)  and  laying 
the  Index  upon  the  Line  D  E,  turn  the  whole  Inftrument  about,  till  thro  the  Sights  you  fee 
the  Mark  at  D,  and  there  faften  the  Inftrument.  Then  lay  the  Index  on  the  Point  E,  and 
direft  the  Sights  to  F,  and  draw  the  Line  E  F.  Then  meafure  the  diftance  E  F  7  Chains  70 
Links,  which  take  from  your  Scale,  and  lay  off  from  E  to  F. 

VI.  Remove  your  Inftrument  to  F,  placing  a  Mark  at  E,  (where  it  laft  flood)  and  lay  the 
Index  upon  the  Line  E  F,  turning  the  Inftrument  about,  till  you  fee  the  Mark  fet  up  at  E,. 
and  there  faften  the  Inftrument.  Then  laying  the  Index  on  the  Point  F,  direft  the  Sights  to 
G,  and  draw  the  Line  F  G  upon  the  Table,  which  Line  F  G  will  cut  the  Line  A  G  in' 
the  Point  G.  Then  meafure  the  diftance  F  G  5  Chains  67  Links,  and  lay  it  off  from 
F  to  G. 

VII.  Remove  your  Inftrument  to  G,  (fetting  a  Mark  where  it  laft  flood)  and  lay  the  Index 
upon  the  Line  F  G,  turning  the  whole  Inftrument  about,  till  thro  the  Sights  you  fee  the 
Mark  at  F,  and  there  faften  the  Inftrument.  Then  laying  the  Index  upon  the  Point  G,  di- 
reft the  Sights  to  A,  (yourfirft  Mark)  and  draw  the  Line  G  A,  which,  if  you  have  truly 
wrought,  will  pafs  direftly  thro  the  Point  A,  where  youfirft  began. 

In  this  manner  may  you  take  the  Plot  of  any  Champain  Plain,  be  it  never  fo  large.  And 
here  note,  that  very  often  Hedges  are  of  fuch  a  thicknefs,  that  you  cannot  come  near  the 
Sides  or  Angles  of  the  Field,  either  to  place  your  Inftrument,  or  meafure  the  Lines.  There- 
fore in  fuch  Cafes  you  muft  place  your  Inftrument,  and  meafure  your  Lines  parallel  to  the 
Side  thereof ;  and  then  your  Work  will  be  the  fame  as  if  you  meafured  the  Hedge  itfelf. 

NOTE 
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NO  'T E  alio,  That  in  thus  going  about  a  Field,  you  may  much  help  your  felf  by  the 
Needle.  For  looking  what  Degree  or'  the  Card  the  Needle  cuts  at  one  Station,  it*  you 
remove  your  Inftrument  to  the  next  Station,  and  with  your  Sights  look  to  the  Mark  where 
the  Inftrument  laft  flood,  you  will  find  the  Needle  to  cut  the  fame  Degree  again,  which 
will  give  you  no  fmall  Satisfaction  in  the  profecution  of  your  Work.  And  tho  there  be  a 
hundred  or  more  Sides,  the  Needle  will  ftill  cut  the  fame  Degree  at  all  of  them,  except 
you  have  committed  fome  former  Error  \  therefore  at  every  Station  have  an  Eye  to  the 
Needle. 

Of  Shifting    cf  Paper. 

In  taking  the  Plot  of  a  Field  by  the  Plain-Table,  and  going  about  the  fame,  as  before  di-  Fig.  4. 
reeled,  it  may  fo  fall  out,  if  the  Field  be  very  large,  and  when  you  are  to  take  many  Inclo- 
fures  together,  that  the  Sheet  of  Paper  upon  the  Table  will  not  hold  all  the  Work.  But 
you  muft  be  forced  to  take  off  that  Sheet,  arid  put  another  clean  Sheet  in  the  room  thereof  • 
and,  in  Plotting  of  a  Manner  or  Lordfllip,  fnariy  Sheets  may  be  thus  changed,  which  we  call 
Shirting  of  Paper.     The  Manner  of  performing  thereof  is  as  follows. 

Suppofe  in  going  about  to  take  the  Plot  A  B  C  D  E  F  G,  as  before  directed,  that  you  ha- 
ving made  choice  of  the  Angle  at  A  fdr  the  Place  of  the  beginning,  and  proceeded  from 
thence  to  B,  and  from  B  to  C,  and  from  C  to  D,  when  you  come  to  the  Angle  at  D,  and 
are  to  draw  D  E,   you  want  room  to  draw  the  fame  upon  the  Table.     Do  thus  : 

Firft,  thro  the  Point  D  draw  the  Line  D  O,  which  is  almoft  fo  much  of  the  Line  D  E, 
as  the  Table  will  contain.  Then  near  the  edge  of  the  Table  H  M,  draw  a  Line  parallel  to 
H  M,  by  means  of  the  Inches  and  Subdivifions  on  the  oppofite  fides  of  the  Frame,  as  P  Q, 
and  another  Line  at  Right  Angles  to  that  thro  the  Point  O,  as  O  N.  This  being  done, 
mark  this  Sheet  of  Paper  with  the  Figure  (1)  about  the  middle  thereof,  for  the  firft  Sheet. 
Then  taking  this  Sheet  off  your  Table,  put  another  clean  Sheet  thereon,  and  draw  upon  it  Fig.  5. 
a  Line  parallel  to  the  contrary  edge  of  the  Table,  as  the  Line  R  S.  Then  taking  your  firft 
Sheet  of  Paper,  lay  it  upon  the  Table  fo,  that  the  Line  P  Qmay  exactly  lie  upon  the  Line  R  S, 
to  the  befl  advantage,  as  at  the  Point  O  (Fig.  5.)  Then  with  the  Point  of  your  CompafTes 
draw  fo  much  of  the  Line  O  D  upon  the  clean  Sheet  of  Paper  as  the  Table  will  hold.  Ha- 
ving thus  done,  proceed  with  your  Work  upon  the  new  Sheet,  beginning  at  the  Point  O  ; 
and  fo  going  forward  with  your  Work,  as  in  all  Refpects  has  before  been  directed  ;  as  from 
O  to  E,  from  E  to  F,  from  F  to  G,  and  from  G  to  A,  (by  this  direction)  (hifting  your  Paper 
as  often  as  you  have  cccafion. 

USE  IV.  How  to  take  the  Plot  of  any  Wood,  Park,  &c.  h  going  about  the  fame ,  and  making  Oh- 
fervations  at  every  Angle  thereof  by  the  Circumferentor, 

Suppofe  A  B  C  D  EF  G  H  K    is  a  large  Field,  or  other  luclofure,  to  be   Plotted  byF'g-S' 
the  Circumferentor. 

1.  Placing.your  Inftrument  at  A,  (the  Flower-de-luce  being  towards  you)  direct  the  Sights 
to  B,  the  South-end  of  the  Needle  cutting  191  Degrees,  and  the  Ditch,  Wall,  or  Hedge, 
containing  10  Chains  75  Links.  The  Degrees  cut,  and  the  Line  meafured,  mult  be  noted 
down  in  your  Field-Book. 

2.  Place  your  Inftrument  at  B,  and  direct  the  Sights  to  C,  the  South-end  cf  the  Needle 
cutting  279  Degrees,  and  the  Line  BC  containing  6  Chains  83  Links;  which  note  down  in 
your  Field-Book. 

3.  Place  the  Inftrument  at  C,  and  direct  the  Sights  to  D,  the  Needle  cutting  216  Deg. 
30  Min.  and  the  Line  C  D  containing  7  Chains  82  Links. 

4.  Place  the  Inftrument  at  D,  and  direct  the  Sights  to  E,  the  Needle  cutting  327  Degrees, 
and  the  Line  D  E  containing  9  Chains  96  Links. 

5.  Place  the  Inftrument  at  E,  and  direct  the  Sights  to  F,  the  Needle  cutting  12  Deg* 
30  Min.  and  the  Line  F  E  9  Chains  71  Links. 

6*.  Place  the  Inftrument  at  F,  and  direct  the  Sights  to  G,  the  Needle  cutting  342  Deg. 
30  Min.  and  the  Line  FG  being  7  Chains  54  Links. 

7.  Place  the  Inftrument  at  G,  and  direct  the  Sights  to  H,  the  Needle  cutting  98  Deg, 
30  Min.  and  the  Line  G  H'containing  7  Chains  52  Links. 

8.  Place  the  Inftrument  at  H,  and  direct  the  Sights  to  K,  the  Needle  cutting  71  Deg.  and. 
the  Line  H  K  containing  7  Chains  78  Links. 

9.  Place  the  Inftrument  at  K,  and  direct  the  Sights  to  A,  (where  you  began)  the  Needle 
cutting  161  Deg.  30  Min.  and  the  Line  K  A  containing  8  Chains  22  Links. 

Having  gone  round  the  Field  in  this  manner,  and  collected  the  Degrees  cut,  and  the  Lines 
meafured,  in  the  Field-Book,  you  will  find  them  to  ftand  as  follows,  by  which  you  may  pro- 
tract and  draw  your  Field,  as  prefently  I  fhall  fhew. 

Degrees, 
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Degrees. 

Minutes. 

Chains. 

Links 

A 

191 

00 

10 

75 

B 

297 

00 

6 

% 

C 

216 
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7 

82 

D 

325 

00 

(5 

96 

E 

12 

30 

9 

71 
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324 

30 

7 

54 

G 

98 

30 

7 

54 

H 

7i 

00 

7 

78 

K 

I5i 

30 

8 

22 

In  going  about  a  Field  in  this  manner,  you  may  perceive  a  wonderful  quick  Difpatch ; 
for  you  are  only  to  take  notice  of  the  Degrees  cut  once  at  every  Angle,  and  not  to  ufe  any 
Back-Sights,  that  is,  to  look  thro  the  Sights  to  the  Station  you  laft  went  from.  But  to  ufe 
Back-Sights  with  the  Circumferentor,  is  belt  to  confirm  your  Work  :  For  when  you  ftand  at 
any  Angle  of  a  Field,  and  direct  your  Sights  to  the  next,  and  obferve  what  Degrees  the 
South-end  of  the  Needle  cuts  ;  if  you  remove  your  Inftrument  from  this  Angle  to  the  next, 
and  look  to  the  Mark  or  Angle  where  it  laft  flood,  the  Needle  will  there  alfo  cut  the  fame 
Degrees  as  before. 

So  the  Inftrument  being  placed  at  A,  if  you  direct  the  Sights  to  B,  you  will  find  the  Needle 
to  cut  191  Degrees  ;  then  removing  your  Inftrument  to  B,  if  you  direct  the  Sights  to  A,  the 
Needle  will  then  alfo  cut  191  Degrees. 

Notwithstanding  the  quick  Difpatch  this  Inftrument  makes,  one  half  of  the  Work  will  al- 
moft  be  faved  ;  if,  inftead  of  placing  the  Inftrument  at  every  Angle,  you  place  it  but  at  every 
other  Angle.     An  Inftance  of  which  take  in  the  aforegoing  Example. 

1.  Placing  the  Inftrument  at  A,  and  directing  the  Sights  to  B,  you  find  the  Needle  to  cut 
191  Degrees.     Then, 

2.  Placing  the  Inftrument  at  B,  directing  the  Sights  to  C,  you  find  the  Needle  to  cut  279 
Degrees.     And, 

3.  Placing  the  Inftrument  at  C,  and  directing  the  Sights  to  D,  you  find  the  Needle  to  cut 
2 16  Degrees. 

Now,  having  placed  your  Inftrument  at  A,  and  noted  down  the  Degrees  cut  by  the 
Needle,  which  was  191,  you  need  not  go  to  the  Angle  B  at  all,  but  go  next  to  the  Angle 
C,  and  there  place  your  Inftrument ;  and  directing  your  Sights  backwards  to  B,  you  will 
find  the  Needle  to  cut  279  Degrees,  which  are  the  fame  as  were  before  cut  when  the  Inftru- 
ment was  placed  at  B :  fo  that  the  Labour  of  placing  the  Inftrument  at  B  is  wholly  faved. 
Then  (the  Inftrument  ftill  ftanding  at  C)  direct:  the  Sights  to  D,  and  the  Needle  will  cut 
216  Degrees,  as  before,  which  note  in  your  Field-Book.  This  done,  remove  your  Inftru- 
ment to  E,  and  obferve  according  to  the  laft  directions,  and  you  will  find  the  Work  to  be  the 
fame  as  before.  Then  remove  the  Inftrument  from  E  to  G,  from  G  to  K,  and  fo  to  every 
fecond  Angle. 
Fi<r.  7,  I  now  proceed,  to  fhew  the  Manner  of  Protracting  the  former  Obfervations. 

According  to  the  largenefs  of  your  Plot  provide  a  Sheet  of  Paper,  as  L  M  N  O,  upon 
which  draw  the  Line  L  M,  and  parallel  thereto  draw  divers  other  Lines  quite  thro  the  whole 
Paper,  as  the  pricked  Lines,  in  the  Figure,  drawn  between  L  M  and  N  O.  Thefe  Parallels 
thus  drawn,  reprefent  Meridians.  Upon  one  or  other  of  thefe  Lines,  or  parallel  to  one  of 
them,  muft  the  Diameter  of  your  Protractor  be  always  laid. 

1.  Your  Paper  being  thus  prepared,  affign  any  Point  upon  any  of  the  Meridians,  as  A, 
upon  which  place  the  Center  of  the  Protractor,  laying  the  Diameter  thereof  upon  the  Me- 
ridian Line  drawn  upon  the  Paper.  Then  look  in  your  Field-Book  what  Degrees  the  Needle 
cuts  at  A,  which  was  191  Degrees.  Now,  becaufe  the  Degrees  were  above  180,  you  muft 
therefore  lay  the  Semi-circle  of  the  Protractor  downwards,  and  keeping  it  there,  make  a  Mark 
with  the  Protracting-Pin  againft  191  Degrees ;  thro  which  Point,  from  A,  draw  the  JLine 
A  B,  containing  10  Chains  75  Links. 

2.  Lay  the  Center  of  the  Protractor  on  the  Point  B,  with  the  Diameter  in  the  fame  Por- 
tion as  before  directed,  (which  always  obferve.)  And  becaufe  the  Degrees  cut  at  B  were  more 
than  180,  viz,.  279,  therefore  the  Semi-circle  of  the  Protractor  muft  lie  downwards  ;  and  fo 
holding  it,  make  a  Mark  againft  the  279  Degrees,  and  thro  it  draw  the  Line  B  C,  contain- 
ing 6  Chains  83  Links. 

3.  Place  the  Center  of  the  Protractor  on  the  Point  C.  Then  the  Degrees  cut  by  the 
Needle  at  the  Obfervation  in  C,  being  above  180,  namely,  2 16  Degrees  30  Minutes,  the 
Semi -circle  of  the  Protractor  muft  lie  downwards.  Then  making  a  Mark  againft  216  Deg. 
30  Min.  thro  it  draw  the  Line  C  D,  containing  7  Chains  82  Links. 

4.  Lay  the  Center  of  the  Protractor  upon  the  Point  D  ;  the  Degrees  cut  by  the  Needle  at 
that  Angle  being  325  :  which  being  above  180,  lay  the  Semi-circle  downward  ;  and  againft 
325  Degrees  make  a  Mark,  thro  which  Point,  and  the  Angle  D,  draw  the  Line  D  E, 
containing  6  Chains  96  Links. 

5.  Remove 
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5.  Remove  your  Protractor  to  E.  And  becaufe  the  Degrees  cut  by  the  Needle  at  this 
Angle  were  lefs  than  180,  namely,  12  Degrees  30  Min.  therefore  lay  the  Semi-circle  of 
the  Protractor  upwards,  and  make  a  Mark  againft  12  Degrees  30  Minutes,  thro5  which  draw 
the  Line  E  F,  containing  9  Chains  71  Links. 

6.  Lay  the  Center  of  the  Protractor  upon  the  Point  F  ;  and  becaufe  the  Degrees  to  be  pro- 
tracted are  above  180,  w'i.  342  Degrees  30  Minutes,  lay  the  Semi-circle  of  the  Protractor 
downwards,  and  make  a  Mark  againft  342  Degrees  30  Minutes,  drawing  the  Line  FG, 
containing  7  Chains  $4  Links. 

And  in  this  Manner  muft  you  protract  all  the  other  Angles,  G,  H,  and  K,  and  more,  if  the 
Field  had  confifted  of  more  Angles. 

CHAP.    III. 

Of  the  Conftruffion  and  Vfe  of  the  Surveying-Wheel. 

THIS  Inftrument  confifts  of  a  wooden  Wheel,  fhoe'd  with  Iron,  to  prevent  its  wear- Fig.  8. 
ing,  exactly  two  Feet  feven  Inches  and  a  half  in  Diameter,  that  fo  its  Circumference 
may  be  eight  Feet  three  Inches,  or    half  a  Pole. 

At  the  end  of  the  Axle-tree  of  this  Wheel,  on  the  Left  fide  thereof,  is,  at  Right 
Angles  to  the  Axle-tree,  a  little  Star,  about  three  fourths  of  an  Inch  Diameter,  having 
eight  Teeth.  Now  the  Ufe  of  this  Star  is  fuch,  that  when  the  Wheel  moves  round, 
the  faid  Star's  Teeth,  by  falling  at  Right  Angles  into  the  Teeth  of  another  Star  of 
eight  Teeth,  fixed  at  one  end  of  an  Iron  Rod  (  Q )  caufes  the  Iron  Rod  to  move 
once  round  in  the  fame  time  the  Wheel  hath  moved  once  round.  Therefore  every 
time  you  have  drove  the  Wheel  half  a  Pole,  the  Iron  Rod  goes  once  round. 

This  Iron  Rod,  lying  along  a  Groove  in  the  fide  of  the  Body  of  the  Inftrument, 
hath  on  the  other  end  a  fquare  hole,  in  which  goes  the  fquare  end  b  of  the  little 
Cylinder  P.  This  Cylinder  is  faftened  underneath  the  upper  Plate  H,  of  a  Move- 
ment, covered  with  a  Glafs,  placed  in  the  Body  of  the  Inftrument  at  B,  yet  fo,  that  Fig.  9, 
it  may  be  moveable  about  its  Axis,  having  the  end  a  cut  into  a  fingle  threaded  perpe- 
tual Screw,  which  falling  into  the  Teeth  of  the  Wheel  A,  being  thirty  two  in  Number, 
when  you  drive  the  Inftrument  forwards,  caufes  the  Wheel  A  to  go  once  round  at 
the  end  of  each  16th  Pole.  The  Pinion  B  hath  fix  Teeth,  which  falling  into  the  Teeth 
of  the  Wheel  C,  whole  Number  is  fixty,  caufes  that  to  move  once  round  at  the  end 
of  each  160th  Pole,  or  half  Mile.  This  Wheel  carries  round  a  Hand,  once  in  160 
Poles,  over  the  Divifions  of  an  Annular  Plate,  fixed  upon  the  Plate  H,  whofe  outmoft 
Limb  is  divided  into  160  equal  Parts,  each  tenth  of  which  is  numbered,  and  fhews  how 
many  Poles  the  Inftrument  is  drove. 

Again  ;  the  Pinion  D,  which  is  fixed  to  the  fame  Arbre  as  the  Wheel  C  is,  hath  twenty 
Teeth,  which  by  their  falling  into  the  Teeth  of  the  Wheel  E,  which  hath  forty  Teeth, 
caufes  the  faid  Wheel  E  to  go  round  once  in  320  Poles,  or  one  Mile ;  and  the  Pinion  F,  of 
twelve  Teeth,  falling  into  the  Teeth  of  the  Wheel  G,  whofe  Number  is  72,  caufes  the 
Wheel  G  to  go  once  round  in  12  Miles.  This  Wheel  G  carries  another  lefler  Hand  once 
round  in  12  Miles,  over  the  Divifions  of  the  innermoft  Limb  or  the  aforefaid  Annular  Plate, 
which  is  divided  into  twelve  equal  Parts  for  Miles,  and  each  Mile  fubdivided  into  halves 
and  quarters,  (that  is,  into  eight  equal  Parts,  for  Furlongs)  with  Roman  Characters  num- 
bering the  Miles. 

The  Ufe  of  this  Inftrument  is  fuch,  that  by  driving  the  Wheel  before  you,  the  Number 
of  Miles,  Poles,  or  both,  you  have  gone,  is  eafily  fhewn  by  the  two  Hands.  And  fo  this 
Inftrument,  together  with  a  Theodolite  or  Circumferentor,  for  taking  of  Bearings,  is  of  ex- 
cellent Ufe  in  Plotting  of  Roads,  Rivers,  &c.  For  having  placed  your  Wheel  and  Circum- 
ferentor at  the  beginning  of  the  Road  you  defign  to  plot,  which  call  your  firft  Station, 
caule  fome  Perfon  to  go  as  far  along  the  Road  as  you  find  it  ftraight ;  and  then  take  a  Bear- 
in^  to  him,  which  fet  down.  This  being  done,  drive  the  Wheel  before  you  to  the  Place 
where  the  Man  ftands,  which  call  the  fecond  Station,  and  note,  by  the  Hands  of  the  Dial- 
Plate,  the  diftance  from  the  firft  Station  to  the  fecond,  which  fet  down.  Again,  having  pla- 
ced your  Circumferentor  at  the  fecond  Station,  caufe  the  Man  to  go  along  the  Road  till  he 
comes  to  another  Bend  therein.  And  Irom  the  fecond  Station  take  a  Bearing  to  the  Man  at 
the  third,  which  fet  down.  Then  drive  the  Wheel  from  the  fecond  Station  to  the  third, 
and  note  the  diftance,  which  fet  down.  And  in  this  Manner  proceed  till  you  come  to  your 
Journey's  end.  Then  in  Plotting  the  Road,  you  muft  obferve  the  fame  Directions,  as  are 
given  in  Plotting  the  Example  of  Ufe  IV.  of  the  laft  Chapter. 

M  m  BOOK 
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BOOR    V. 

Of  the  ConjlruBion  and  Ufes  of  Levels,  for 
conducting  of  Water ;  as  alfo  of  Infiruments  for 
Gunnery, 


Fig.  B. 


CHAP.    I. 
Of  the  Conftruftion  and  VJes  of  different  Levels. 

CwftruBion  of  a  Water  Level. 

TUie  \<i<,       \\^S§i&~Kj$m*A     HE    firft  of  thefe  Infiruments  is  a  Water  Level,    compofed  of  a  round 

Tube  of  Brafs,  or  other  folid  Matter,  about  3  Feet  long,  and  12  or  15 
Lines  Diameter,  whofe  ends  are  turned  up  at  Right  Angles,  for  receiving 
two  Glafs  Tubes,  3  or  4  Inches  long,  fattened  on  them  with  Wax  or  Ma- 
ftick.  At  the  middle  and  underneath  this  Tube,  is  fixed  a  Ferril,  for 
placing  it  upon  its  Foot. 
There  is  as  much  common  or  coloured  Water  poured  into  one  end  of  it, 
as  that  it  may  appear  in  the  Glafs  Tubes. 

This  Level,  altho  very  fimple,  is  very  commodious  for  Levelling  fmall  Diftances. 
It  is  founded  upon  this,  that  Water  always  naturally  places  itfelf  level ;    and  therefore 
the  height  of  the  Water  in  the  two  Glafs  Tubes  will  be  always  the  fame,  in  refpecl  to  the 
Center  of  the  Earth. 

The  Air  Level  B,  is  a  very  ftraight  Glafs  Tube,  every  where  of  the  fame  thicknefs,  of 
an  indetermined  Length,  and  Thicknefs  in  proportion  ;  being  filled  to  a  drop  with  Spirit  of 
Wine,  or  other  Liquor,  not  fubject  to  freeze.  The  ends  of  the  Tube  are  hermetically 
fealed,  that  is,  the  end  through  which  the  Spirit  of  Wine  is  poured  muft  afterwards  be  clofed, 
by  heating  it  with  the  Flame  of  a  Lamp,  blown  thro  a  little  Brafs  Tube,  to  make  the  heat 
the  greater  ;  and  then  when  the  Glafs  is  become  foft,  the  end  muft  be  clofed  up. 

When  this  Inftrument  is  perfectly  Level,  the  Bubble  of  Air  will  fix  itfelf  juft  in  the. 
middle,  and  when  it  is  not  Level,  the  Bubble  of  Air  will  rife  to  the  top. 

ConjlruBion  of  an  Air  Level. 
Fig.  C.  This  Inftrument  is  compofed  of  an  Air  Level  1,  about  8  Inches  long,  and  7  or  8  Lines 

in  Diameter,  fet  in  a  Brafs  Tube  2 ;   which  is  left  open  in  the  middle  for  feeing  the  Bubble 
of  Air  at  the  top. 

It  is  carried  upon  a  very  ftrong  ftraight  Rule,  about  a  Foot  long,  at  the  ends  of  which  are 
placed  two  Sights  exactly  of  the  fame  height,  and  like  that  of  Number  3,  which  has  a  fquare 
hole  therein,  having  two  Filets  of  Brafs  very  finely  filed,  croffing  one  another  at  Right 
Angles,  in  the  middle  of  which  Filets  is  drilled  a  little  hole.  There  is  faften'd  a  little  thin 
Piece  of  Brafs  to  this  Sight,  with  a  fmall  Headed-Rivet,  to  ftop  the  faid  Square  opening, 

when 
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when  there  is  occafion,  and  having  a  lictie  hole  drilled  thro  it,  anfwering  to  that  which  Is 
in  the  middle  of  the  Filets.  The  JBrafs  Tube  is  faftened  upon  the  Rule,  by  means  of  two 
Screws,  one  of  which  marked  4,  fervesto  raife  ordeprefs  the  Tube  at  pleafure,  for  placing 
it  level,  and  making  it  agree  with  the  Sights. 

The  top  of  the  Ball  and  Socket  is  riveted  to  a  little  Rule,  that  fprings,  one  of  whofe  ends 
is  faftened  with  two  Screws  to  the  great  Rule,  and  at  the  other  end  there  is  a  Screw  5,  ferving 
to  raife  or  deprefs  the  whole  Inftrument  when  it  is  nearly  level. 

The  Manner  of  adjufting  this  Level  is  eafy,  for  you  need  but  place  it  upon  its  Foot,  fo 
that  the  Bubble  of  Air  may  be  exactly  in  the  middle  of  the  Tube  ;  then  fhutting  the  Sight 
next  to  the  Eye,  and  opening  the  other,  the  Point  of  the  Object  which  is  cut  by  the  hori- 
zontal Filet  is  level  with  the  Eye  ;  and  to  know  whether  the  Air  Level  agrees  well  with 
the  Sights,  you  muft  turn  the  Inftrument  quite  about,  and  fhut  the  Sight  which  before  was 
opened,  and  open  the  other.  Then  looking  through  the  little  hole,  if  the  fame  Point  of  the 
Object  before  obferved  be  cut  by  the  horizontal  Filet,  it  is  a  fign  the  Level  is  juft ;  but  if 
there  be  found  any  difference,  the  Tube  muft  be  raifed  or  depreffed  by  means  of  the  Screw  4, 
till  the  Sights  agree  with  the  Level ;  that  is,  that  looking  at  an  Object,  the  Bubble  of  Air 
being  in  the  middle,  and  afterwards  turning  the  Inftrument  about,  the  fame  Object  may  be 
feen. 

The  Level  D  is  a  little  Giafs  Tube  inclofed  within  a  Brafs  Tube,  faftened  upon  a  Rule  Fig-  D, 
perfectly  equal  in  thicknefs,  and  ferves  to  know  whether  a  Plane  be  level,  or  not. 

Cvnflruclion  of  a  Tele/cope  Air  Level. 

This  Level  is  like  the  Level  C,  but   inftead  of  Sights,  it  carries  a  Telefcope  to  difcover  Fig-  E, 
Objects  at  a  good  diftance.     This  Telefcope  is  in  a  little  Brafs  Tube,  about  1 5  Inches  long, 
faftened  upon  the  fame  Rule  as   the  Level,  which  ought  to  be  of  a  good  thicknefs,  and  very 
ftraight. 

At  the  end  of  the  Tube  of  the  Telefcope,  marked  1,  enters  the  little  Tube  1,  carrying 
the  Eye  Glafs,  and  a  human  Hair  horizontally  placed  in  the  Focus  of  the  Object  Glafs  2. 
This  little  Tube  may  be  drawn  out  or  pufhed  into  the  great  one,  for  adjufting  the  Telefcope 
to  different  Sights. 

At  the  other  end  of  the  Telefcope  is  placed  the  Object  Glafs,  whofe  Conftruction  is  the 
fame  as  that  before  mentioned,  belonging  to  the  Semi-circle. 

The  whole  Body  of  the  Telefcope  is  faftened  to  the  Rule,  as  well  as  the  Level,  with 
Screws,  upon  two  little  fquare  Plates,  foldered  towards  the  ends  of  each  Tube,  which  oughc 
to  be  perfectly  equal  in  thicknefs. 

The  Screw  3,  is  for  raifing  or  lowering,  the  little  Fork  carrying  the  human  Hair,  and 
making  it  agree  with  the  Bubble  of  Air,  when  the  Inftrument  is  level  ;  and  the  Screw  4, 
is  for  making  the  Bubble  of  Air  agree  with  the  Telefcope. 

Underneath  the  Rule  there  is  a  Brafs  Plate  with  Springs,  having  a  Ball  and  Socket  faft- 
ned  thereto. 

The  Level  F,  is  in  form  of  a  Square,  having  its  two  Branches  of  equal  length  ;  at  the  Fig.  F. 
junction  of  which  there  is  made  a  little  hole,  from  which  hangs  a  Thread  and  Plummet, 
playing  upon  a  Perpendicular  Line,  in  the  middle  of  the  Quadrant,  often  divided  into  po 
Degrees.  Its  Ufe  is  very  eafy,  for  the  ends  of  the  Branches  being  placed  upon  a  Plane, 
we  may  know  that  the  Plane  is  level  when  the  Thread  plays  upon  the  Perpendicular  in 
the  middle  of  the  Quadrant. 

ConflruSlion  of  a  Telefcope  Plumb-Level. 

This  Inftrument  is  compofed  of  two  Branches,  joined  together  at  Right  Angles  ;  whereof  Fig.  G, 
that  carrying  the  Thread  and  Plummet,  is  about  a  Foot  and  a  half,  or  two  Foot  long. 

This  Thread  is  hung  towards  the  top  of  the  Branch,   at  the  Point  2.     The  middle  of 
the  Branch,  w  here  the  Thread  pafles,  is  hollow,  that  fo  it  may  not  touch    in  any  Place  but 
towards  the  bottom,  at  the  Place  3,  where  there  is  a  little  Blade  of  Silver,  on  which  is  drawn    • 
a  Line  perpendicular  to  the  Telefcope. 

The  faid  Cavity  is  covered  by  two  Pieces  of  Brafs,  making  as  it  were  a  kind  of  Cafe, 
left  the  Wind  fhould  agitate  the  Thread  ,*  for  which,  reafon  there  is  alfoa  Glafs  covering  the 
Silver  Blade,  to  the  end  that  we  may  fee  when  the  Thread  and  Plummet  play  upon  the  Per- 
pendicular. The  Telefcope  1,  is  faftened  to  the  other  Branch,  which  is  about  two  Feet 
long,  and  is  made  like  the  other  Telefcopes  of  which  we  have  already  fpoken.  All 
the  Exactnefs  of  this  Inftrument  confifts  in  having  the  Telefcope  at  Right  Angles  with  the 
Perpendicular. 

This  Inftrument  has  a  Ball  and  Socket  faftened  behind  the  aforefaid  Branch,  for  placing  it 
upon  its  Foot. 

There  are  fome  of  thefe  fort  of  Levels  made  of  Brafs  or  Iron,  whofe  Telefcope  and  the 
Cavity,  in  which  is  included  the  Thread  carrying  the  Plummet,  is  about  4  or  5  Feet  long, 
in  order  to  level  great  Diftances  at  once. 

TheTelefcope  is  about  1  Inch  and  a  half  Diameter,and  the  Cafe  in  which  the  Thread,carrying 
the  Plummet,  is  inclofed,  is  about  2  Inches  wide,  and  half  an  Inch  thick.  This  Cafe  is  faftened 
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with  Screws  in  the  middle,  to  the  Telefcope;  fo  that  they  may  be  at  Right  Angles  with  one 
another  :  And  at  the  two  ends  or"  the  Telefcopes  are  adjufted  two  broad  Circles,  in  which 
the  Telefcope  exactly  turns;  which  Circles,  being  flat  underneath,  are  fattened  to  a  ft  row* 
Iron  Rule. 

This  Level  is  fupported  by  two  Feet  almoft  like  that  of  Figure  E,  Platen,  fattened 
with  Screws  to  the  Extremities  of  the  Iron  Rule.  Alfo  there  are  two  Openings,  covered 
with  Glades,  inclofed  in  little  Brafs  Frames,  which  open,  that  fo  the  Thread  arid  Plummet 
may  be  hung  to  the  top  of  the  Cafe,  and  play  upon  two  little  Silver  Blades,  in  a  Line  drawn 
on  them  perpendicular  to  the  Telefcope.  Thefe  Blades  are  placed  againft  the  Openings  of 
the  Cafe,  and  the  Telefcope  is  like  that  before  fpoken  of,  in  fpeaking  of  the  Semi-circle. 

All  the  Exactnefs  of  this  Inftrumcnt  confiits  in  having  the  Telefcope  at  Right  Angles  to  the 
Perpendiculars  drawn  upon  the  Silver  Blades. 

To  prove  this  Level,  you  muft  place  it  upon  its  Foot,  in  fuch  manner  that  the  Thread 
may  exactly  play  upon  the  Perpendicular,  and  note  fome  Object  cut  by  the  Flair  in  the  Focus 
of  the  Telefcope.  Then  taking  otf  the  Thread  and  Plummet,  turn  the  Inflrument  upfide 
down,  and  hanging  the  Thread  and  Plummet  to  the  Hook  at  the  bottom  of  the  Cafe,  which 
will  now  be  uppermoft,  look  thro  the  Telefcope  at  the  aforefaid  Object,  and  if  the  Thread 
exactly  plays  upon  the  Perpendicular,  it  is  a  fign  the  Inflrument  is  exact ;  but  if  it  does  not, 
you  muft  remove  the  little  Hook  to  the  Right-hand  or  Left,  till  you  make  the  Thread  fall 
upon  the  Perpendicular,  both  before  you  have  turned  the  Inflrument  upfide  down,  and  after- 
wards. You  may  likewife  raife  or  lower  the  Telefcope,  by  means  of  a  Screw.  Note, 
Ingenious  Workmen  may  eafily  fupply  what  I  have  omitted  in  this  brief  Description. 
Fig.  H.  The  Inflrument  H  is  a  little   fimple  Level,  founded  on   the   fame  Principle  as    the  three 

precedent  ones  ;  the  Figure  thereot  is  fufficient  to  fiiew  its  Conilruction  and  Ufe. 
Fig-  I.  The  Leavel  I.  places  itfelf,  and  is  compofed  of  a  pretty  thick  Brafs  Rule,  about  one  Foot 

long,  and  an  Inch  broad,  having  two  Sights  of  the  fame  height  placed  at  the  ends  of  the 
Rule,  and  in  the  middle  there  is  a  kind  of  Beam  (almoft  like  thofe  of  common  Scales)  for 
freely  fufpending  the  Level. 

At  the  bottom  of  the  faid  Rule  is  fcrew'd  on  a  Piece  of  Brafs,  likewife  carrying  a  pretty 
heavy  Bail  of  Brafs.  All  the  Exactnefs  of  this  Inflrument  confifU  in  a  perfect  Equilibrium ; 
to  know  winch,  it  is  eafy  :  for  holding  the  Inflrument  fufpended  by  its  Ring,  and  having 
efpied  fome  Object  thro  the  Sights,  you  need  but  turn  the  Inflrument  about,  and  obferve 
whether  the  aforefaid  Object  appears  of  the  fame  height  thro  the  Sights;  and  if  it  does, 
the  Inflrument  is  perfectly  in  equilibria  :  but  if  the  Object  appears  a  little  higher  or  lower, 
you  may  remedy  it  by  removing  the  Piece  of  Brafs  carrying  the  Ball  till  it  be  exactly  in  the 
middle  of  the  Point  of  Sufpenfion,  and  then  it  muft  be  fixed  with  a  Screw,  becaufe,  by 
experience,  the  Inflrument  was  found  to  be  level. 

ConflruBion  of  a  Level  of  Mr.  Hugens'i". 
Fig.  K.  The  principal  part  of  this  Inflrument,  is  a  Telefcope  a,  15  or  18  Inches  long,  being  in 

form  of  a  Cylinder,  and  going  thro  a  Ferril,  in  which  it  is  faflened  by  the  middle.  This 
Ferril  has  two  flat  Branches  b  b,  one  above  and  the  other  below,  each  about  a  fourth  part  of 
the  Telefcope  in  length.  At  the  ends  of  each  of  thefe  two  Branches  are  faflened  little  mo- 
ving Pieces,  which  carry  two  Rings,  by  one  of  which  the  Telefcope  is  fufpended  to  a  Hook, 
at  die  end  of  the  Screw  5  ;  and  by  the  other  a  pretty  heavy  Weight  is  fufpended,  in  order 
to  keep  the  Telefcope  in  equilibria.  This  Weight  hangs  in  the  Box  5,  which  is  almoft  filled 
with  Linfeed  Oil,  Oil  cf  Wallnuts,  or  any  thing  elfe  that  will  not  coagulate,  for  more  aptly 
fettling  the  Baliances  of  the  Weight  and  Telefcope. 

This  Inflrument  carries  fometimes  two  Telefcopes  clofe  and  very  parallel  to  each  other, 
the  Eye  Glafs  of  one  being  on  one  fide,  and  the  Eye  Glafs  of  the  other  on  the  oppofite  fide, 
that  fo  one  may  fee  on  both  fides,  without  turning  the  Level.  If  the  Tube  of  the  Telefcope 
being  fufpended,  be  not  found  level,  as  it  will  often  happen,  put  a  Ferril  or  Ring  4 
upon  ft,  which  may  be  flid  along  the  Tube,  for  placing  it  level,  and  keeping  it  fo.  And  this 
muft  be,  if  there  be  two  Telefcopes. 

There  is  a  human  Hair  horizontally  {trained  and  faflened  to  a  little  Fork  in  the  Focus  of 
the  Object  Glafs  of  each  Telefcope,  which  may  be  raifed  or  lower'd,  by  means  of  a  little 
Screw,  as  has  been  already  mentioned. 

For  proving  this  Level,  having  fufpended  it  by  one  of  the  Branches,  obferve  fome  diflant 
Object  through  the  Telefcope,  with  the  Weight  not  hung  on,  and  very  exactly  mark  the 
Point  of  the  Object  cut  by  the  Hair  of  the  Telefcope  :  Now  hanging  the  Weight  on,  if 
the  horizontal  Hair  anfwers  to  the  fame  Point  of  the  faid  Object,  it  is  a  fign  the  Center  of 
Gravity  cf  the  Telefcope  and  Weight,  is  precifely  in  a  Right  Line  joining  the  two  Points  of 
Sufpenfion,  which  continued  would  pafs  thro'  the  Center  of  the  Earth. 

But  if  it  otherwife  happens,  you  muft  remedy  it,  by  Aiding  the  little  Ring  backwards  or 
forwards.  Having  thus  adjufted  the  Telefcope,  that  the  fame  Point  of  an  Object  be  feen, 
as  well  before  the  Weight  is  hung  on,  as  afterwards,  you  muft  turn  it  upfide  down,  by 
fufpending  it  to  the  Branch  that  was  lowermoft,  and  hanging  theWeight  upon  the  other.Then 
if  the  Hair  in  the  Telefcope  cues  the  aforefa'd  Point  of  the  Object,  it  is  manifeft,  that  thac 

Point 
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Point  of  the  Object  is  in  the  horizontal  Plane,  with  the  Center  of  the  Tube  of  the  Tele* 
fcope  :  but  if  the  Hair  does  not  cut  that  Point  of  the  Object,  it  muft  be  raifed  or  lowered 
by  means  of  the  Screw  till  it  does.  Note,  You  muft  every  now  and  then  prove  this  Inftru- 
ment,  for  fear  leaft  fome  Alteration  has  happen'd  thereto. 

The  Hook  on  which  this  Inftrument  is  hung,  is  fixed  to  a  flat  wooden  Crofs,  at  the  Ends 
of  each  Arm  of  which,  there  is  a  Hook  ferving  to  keep  the  Telefcope  from  too  much  Agita- 
tion, when  the  Inftrument  is  ufing,  and  for  keeping  it  fteady  when  it  is  carrying,  in  lower- 
ing the  Telefcope  by  means  of  the  Screw  3,  which  carries  it. 

There  is  applied  to  the  faid  flat  Crofs,  another  hollowed  Crofs  fattened  with  Hooks,  which. 
ferves  as  a  Cafe  for  the  Inftrument.  But  note,  the  two  Ends  of  the  Crofs  are  left  open,  that 
fo  the  Telefcope  being  covered  from  Wind  and  Rain,  may  be  always  in  a  Conditiou  to  ufe. 

The  Foot  fupporting  the  Inftrument,  is  a  round  Brafs  Plate  fomething  concave,  to  which 
is  fattened  three  Brafs  Ferrils,  moveable  by  means  of  Joints,  wherein  are  Staves  of  a  conve- 
nient Length  put.  The  Box  at  the  Bottom  of  the  Level  is  placed  upon  this  Plate,  and  may 
be  any  ways  turned  ;  fo  that  the  Weight,  which  ought  to  be  Brafs,  may  have  a  free  Motion 
in  the  Box,  which  muft  be  fhut  by  means  of  a  Screw,  that  fo  the  Oil  may  be  preferved  in 
Journeys. 

Conflmclion  of  another  Level. 
This  Inftrument  is  a  Level  almoft  like  thac  whofe  Defcnption  we  have  laft  given,  but  it  is  Fig-  L, 
cafier  to  carry  from  place  to  place. 

Number  1.  Is  the  Cafe  in  which  the  Telefcope  is  enclofed. 

2.  Is  a  kind  of  Stirrup,  where  the  Screw,  ferving  for  the  Point  of  Sufpenfion,  paffes;  at 
the  End  of  which  is  a  Hook,  upon  which  the  Ring,  at  the  End  of  the  Plate  carrying  the 
Telefcope,  is  hung. 

3.  Are  the  Screws  above  and  below  for  fixing  the  Telefcope,  when  the  Inftrument  is  carry- 
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4.  Are  the  Hooks  for  keeping  the  Cafe  fhut. 

5.  Is  one  End  of  the  Telefcope. 

6.  Is  the  End  of  the  Plate  whereon  a  great  Brafs  Ball  is  hung,  ferving  to  keep  the  Tele- 
fcope level. 

There  are  three  Ferrils  8,  well  fixed  to  the  Bottom  of  the  Stirrup,  ferving  as  a  Foot  to 
fupport  the  whole  Inftrument.  Note,  There  are  fometimes  put  two  Telefcopes  on  this  Le- 
vel, as  well  as  in  that  other  of  which  we  have  laft  fpoken. 

C  H  A  P.     II. 

Of  the  Vfes  of  the  aforefaid  Inftruments  in  Levelling. 

LEvelling  is  an  Operation  fhowing  the  Height  of  one  Place  in  refpeft  to  another.  One 
Place  is  faid  to  be  higher  than  another,  when  it  is  more  diftant  from  the  Center  of  the 
Earth.  A  Line  equally  diftant  from  the  Center  of  the  Earth,  in  all  its  Points,  is  called  the 
Line  of  true  Level  ;  whence,  becaufe  the  Earth  is  round,  that  Line  muft  be  a  Curve,  and 
make  a  part  of  the  Earth's  Circumference,  as  the  Line  B  C  F  G,  all  the  Points  of  which  are  j^g,  lt 
equally  diftant  from  the  Center  A  of  the  Earth :  but  the  Line  of  Sight,  which  the  Operations 
of  Levels  give,  is  a  right  Line  perpendicular  to  the  Semi-diameter  of  the  Earth  A  B,  raifed 
above  the  true  Level,  denoted  by  the  Curvature  of  the  Earth,  in  proportion  as  it  is  more  ex- 
tended ;  for  which  Reafon,  the  Operations  which  we  fhall  give,  are  but  of  the  apparent  Le- 
vel, which  muft  be  corrected  to  have  the  true  Level,  when  the  Line  of  Sight  exceeds  50 
Toifes. 

The  following  Table,  in  which  are  denoted  the  Corrections  of  the  Points  of  apparent 
Level,  for  reducing  them  to  the  true  Level,  was  calculated  by  help  of  the  Semi-diameter  of 
the  Earth,  whofe  Length  may  be  known  by  meafuring  one  Degree  of  its  Circumference.  The 
Gentlemen  of  the  Academy  of  Sciences,  have  found  by  very  exact  Obfervations,  that  one  De- 
gree of  the  Circumference  of  a  great  Circle  of  the  Earth,  as  the  Meridian,  contains  57060 
Toifes  ;  and  giving  25  Leagues  to  a  Degree,  a  League  will  be  228217  Toifes. 

Now  the  whole  Circumference  of  the  Earth  will  be  9000  of  the  fame  Leagues,  and  its 
Diameter  2865  of  them  ;  from  whence  all  Places  on  the  Superficies  of  the  Earth,  will  be  dif- 
tant from  its  Center  14327  Leagues. 

The  Line  A  B  reprefents  the  Semi-diameter  of  the  Earth,  under  the  Feet  of  the  Obfer- 
ver.  The  right  Line  B  D  E,  reprefents  the  vifual  Ray,  whofe  Points  D  and  E  are  in  the 
apparent  Level  of  the  Point  B.  This  Line  of  apparent  Level,  ferves  for  determining  a  Line 
of  true  Level,  which  is  done  by  taking  from  the  Points  of  the  Line  of  apparent  Level,  the 
Height  they  are  above  the  true  Level  in  refpeft  to  a  certain  Point,  as  B  ;  for  it  plainly  appears 
from  the  Figure,  that  all  the  Points  D,  E,  of  the  apparent  Level,  are  farther  diftant  from  the 

N  n  Center 


i38 


Fig. 


The  ConjlruBlon  and  Ufes       Book  V. 

Center  of  the  Earth,  than  the  Point  B ;  and  to  find  the  Difference,  you  need  but  confider 
the  right-angled  Triangle  A  B  D,  whofe  two  Sides  A  B,  B  D,  being  known,  the  Hypothe- 
nufe  A  D,  may  be  round  :  from  which  fubftracting  the  Radius  A  C,  the  Remainder  C  D  will 
fhow  the  Height  of  the  Point  D  of  apparent  Level,  above  the  Point  of  true  Level. 

STABLE  Jhewing  the  Corrections  of  the  Joints  of  apparent  Level,  for 
reductJig  them  to  the  true  Level,  every  50  Toifes. 


Difiance  s  of 

Corrections. 

the  Po 

ints  of 

apparent  Level. 

Inches. 

Line 

50 

Toifes. 

0. 

0 

100 

0. 

if 

150 

0. 

3 

200 

0. 

5f 

250 

0. 

87 

300 

1. 

0 

35° 

1. 

4T 

400 

I. 

9* 

450 

2. 

3 

500 

2. 

9 

55o 

3- 

6 

600 

4- 

0 

650 

4- 

8 

700 

5- 

4 

750 

6. 

3 

800 

7- 

1 

850 

7. 

1  if 

000 

8. 

11 

1950 

10. 

0 

000 

n. 

0 

'The  Rule  ferving  to  calculate  this 
'Table,  is  to  divide  the  Square  of  the 
Difiance  by  the  Diameter  of  the  Earth, 
•which  is  6,538,694  Toifes ;  for  which 
Reafon  the  Corrections  are  to  one  ano- 
ther, as  the  Squares  of  the  Difiances. 
Altho  the  Foundation  of  this  Calculation 
be  not  flriclly  Geometrical,  yet  it  is  nigh 
enough  the  Truth  for  Practice. 


If  the  Points  of  apparent  Level  fhould  be  taken  inflead  of  the  Points  of  true  Level,  a  body 
would  err  in  conducting  the  Water  of  a  Source,  which  let  be,  for  Example,  at  the  Point 
B  ;  for  this  Source  will  not  run  along  the  Line  B  D  E,  but  will  remain  in  the  Point  B  ;  for  if 
it  fhould  run  along  the  Line  B  E,  it  would  run  higher  than  it  is,  which  is  impoffible,  be- 
caufe  it  cannot  be  endued  with  any  other  Figure  but  a  circular  one,  equally  diflant  from  the 
Center  of  the  Earth.  On  the  contrary,  a  Source  in  D  will  have  a  great  Defcent  down  to 
the  Point  B;  but  it  cannot  run  further,  becaufe  it  muft  be  elevated  higher  than  the 
Source,  if  it  continues  its  way  in  the  fame  right  Line,  which  cannot  be  done,  unlefs  it  be 
forced  by  fome  Machine. 

How  to  rectify  Levels. 

To  rectify  Levels,  as,  for  Example,  the  Air  Level,  you  muft  plant  two  Staffs,  as  A  B, 
about  50  Toifes  diflant  from  each  other,  becaufe  of  the  Roundnefs  of  the  Earth  ;  (take  care 
of  exceeding  that  Difiance)  then  efpying  from  the  Station  A,  the  Point  B,  the  Level  being 
placed  horizontally,  and  the  Bubble  of  Air  being  in  the  Middle  of  the  Tube,  you  muft  raife 
or  lower  a  Piece  of  Pafteboard  upon  the  Staff  B,  in  the  Middle  of  which  is  drawn  a  black  ho- 
rizontal Line,  till  the  vifual  Ray  of  the  Obferver's  Eye  meets  the  faid  Line  ;  after  which  rrtuft 
be  faftened  another  Piece  of  Pafteboard  to  the  Staff  A,  the  Middle  of  which  let  be  the  Height 
of  the  Eye,  when  the  Piece  of  Pafteboard  B  was  feen  :  then  removing  the  Level  to  the  Staff 
B,  place  it  to  the  Height  of  the  Center  of  the  Pafteboard,  and  the  Level  being  horizontally 
pofited  for  obferving  the  Piece  of  Pafteboard  A,  if  then  the  vifual  Ray  cuts  the  Middle  of 
the  Piece  of  Pafteboard,  it  is  a  fign  the  Level  is  very  juft ;  but  if  the  vifual  Ray  falls  above  or 
below,  as  in  the  Point  C,  you  muft,  by  always  keeping  the  Eye  at  the  fame  Height,  lower 
the  Telefcope  or  the  Sight,  till  the  Middle  of  the  vifual  Ray  falls  upon  the  Middle  of  the 
Difference,  as  in  D ;  and  the  Telefcope  thus  remaining,  the  Tube  of  the  Level  muft  be  ad- 
jufted  till  the  Bubble  of  Air  fixes  in  the  Middle,  which  may  be  done  by  means  of  the  Screw  4. 

Again  ;  return  to  the  Staff  A,  and  place  the  Level  the  Height  of  the  Point  D,  for  looking, 
at  the  Piece  of  Pafteboard  B  ;  and  if  the  vifual  Ray  falls  upon  the  Middle  of  the  Piece  of 
Pafteboard,  it  is  a  fign  the  Telefcope  agrees  with  the  Level :  if  not,  the  fame  Operations 
muft  be  repeated,  until  the  vifual  Rays  fall  upon  the  Centers  of  the  two  Pieces  of  Pafteboard. 

Another  way  to  rectify  Levels. 
Knowing  two  Points  diflant  from  each  other,  and  perfectly  level,  place  the  End  of  tho 
Telefcope  carrying  the  Eye-Glafs  to  the  exact  Height  of  one  of  thofetwo  Points,  the  Bub- 
ble of  Air  being  fixed  in  the  Middle  of  its  Tube;  then  by  looking  thro  it,  if  it  happens  that 

the 


Chap.  2.        of  Inftruments  for  Levelling.  i^p 

the  Hair  of  the  Telefcope  cuts  the  fecond  Point,  it  is  a  fign  the  Level  is  juft  ;  but  if  the  Hair 
falls  above  or  below  the  Point  of  Level,  you  mud,  in  always  keeping  the  Eye  at  the  fame 
height,  raife  or  lower  the  end  of  the  Level  where  the  Object  Glafs  is,  until  the  Vifual  Ray 
o(  the  Telefcope  falls  upon  the  exacl  Point  of  Level ;  and  leaving  it  thus,  raife  or  deprefs  the 
Tube  carrying  the  Level,  fo  that  the  Bubble  of  Air  may  remain  in  the  middle. 

What  we  have  faid  concerning  the  Rectification  of  this  Level,  may  ferve  likewife  for  the 
Rectification  of  others,  the  difference  is  only  to  change  the  Plummets  and  the  Hairs  of  the 
Telefcopes,  according  to  their  Conftructions. 

The  Manner  of  Levelling. 

To   find,  for  Example,  the    height  of  the  Point  A  on  the  top  of  a  Mountain,  above  the  p;g 
Point  B  at  its  foot,  place  the  Level  about  the  middle  diftance  between  the  two  Points,  as  in 
D,  and  plant  Staffs  in  A  and  B.     Alfo  let  there  be  Perfons  inftructed    with  Signals,  for  rai- 
ling or  lowering  upon  the  faid  Staffs  flit  Sticks,  at  the  ends  of  which   are   fattened  pieces   of 
Pafte-Board  :  The  Level  being  placed  upon  its   foot,  look  towards  the  Staff  A  E,  and  caufe 
one  of  the  Perfons  to  raife  or  lower  tne  Pafte-Board,  until  the  upper  edge  or  middle  appears 
in  the  vifual  Ray  ;  then   meafure    exactly   the  perpendicular   Height   of  the  Point  A  above 
the  Point  E,  which,  in  this  Example,  fuppofe  6  Feet  4  Inches,  which  fet  down  in   a  Memo- 
rial.    Then  turn  the  Level   horizontally,  fo  that  it  may  always  be   at   the  fame  height,  for 
the  Eye  Glafs  of  the  Telefcope  to  be  next  to  the  Eye  ;  but  if  it   be   a  Sight  Level,  there  is 
no  neceffity  of  turning   it  about,  and  caufe   the  Perfon  at  tne  Staff  B  to  raife  or  lower  the 
piece  of  Pafte-Board,  until  the  upper  edge  of  it  be  ken,  as  at  C,  which  fuppofe   16  Feet 
6  Inches,  which  fet  down  in  the    Memorial  above  the  other  Number  of  the  firft  Station ; 
whence  to  know  the    height  of  the  Point  A  above  the  Point  B,  take  6  Feet  4  Inches  from  16 
Feet  2  Inches,    and   the  remainder  will   be   10  Feet    2    Inches,    for  the   heighth   of  A 
above  B. 

Note,  If  the  Point  D,  where  the  Obferver  is  placed,  be  in  the  nrddle  between  the  Point 
A  and  the  Poigt  B,  there  is  no  neceffity  of  regarding  the  height  of  the  apparent  Level 
above  the  true  Level,  becaufe  thofe  two  Points  being  equally  diftant  from  the  Eye  of  the  Ob- 
ferver, the  vifual  Ray  will  be  equally  raifed  above  the  true  Level,  and  confequently  there 
needs  no  Correction  to  give  the  heigat  of  the  Point  A  above  the  Point  B. 

Another  Example  of  Levelling. 
It  is  required  to  know,  whether  there  be  a  fufficient  Defcent  for  conducting  of  Water  Fig.  4, 
from  the  Source  A  to  the  Vafe  B  of  a  Fountain.  Now  becaufe  the  diftance  from  the  Point 
A  to  B  is  great,  there  are  feveral  Operations  required  to  be  made.  Having  chofen  a  proper 
height  for  placing  the  Level,  as  at  the  Point  I,  plant  a  Pole  in  the  Point  A  near  the  Source, 
on  which  Aide  up  and  down  another,  carrying  the  piece  of  Pafte-Board  L  ;  meafure  the  di- 
ftance from  A  to  I,  which  fuppofe  1000  Toifes.  Then  the  Level  being  adjufted  in  the 
Point  K,  let  fomebody  move  tne  Pafte-Board  L  up  or  down,  until  you  can  efpy  it  thro  the 
Telefcope  or  Sights   of  the  Level,  and  meafure  the  height  A  L,  which  fuppofe  2  Toifes, 

I  Foot,  5  Inches.  But  becaufe  the  diftance  A  I  is  1000  Toifes,  according  to  the  afore- 
mentioned Table,  you  muft  fubftra6t  1 1  Inches,  and  the  height  A  L  will  confequently  be 
but  2  Toifes  6  Inches,  which  note  down  in  the  Memorial. 

Now  turn  the  Level  about,  fo  that  the  Object  Glafs  of  the  Telefcope  may  be  next  to  the 
Pole  planted  in  the  Point  H,  and  the  Level  being  adjufted,  caufe  fome  Perfon  to  move  the 
piece  of  Pafte-Board  G  up  and  down,  until  the  upper  edge  of  it  may  be  efpied  thro  the 
Telefcope  ;  meafure  the  height  H  G,  which  fuppofe  3  Toifes,  4  Feet,  2  Inches ;  meafure 
likewife  the  Diftance  of  the  Points  I,  H,  which  fuppofe  650  Toifes  ;  for  which  diftance, 
according  to  the  Table,  you  muft  fubftract  4  Inches  8  Lines  from  the  height  H  G,  which 
confequently  will  then  be  but  3  Toifes,  3  Feet,  9  Inches,  4  Lines,  which  fet  down  in  the 
Memorial. 

This  being  done,  remove  the  Level  to  fome  other  Eminence,  from  whence  the  Pole  H  G 
may  be  difcovered,  and  the  Angle  of  the  Houfe  D,  the  Ground  about  which  is  level  with 
the  Vafe  B  of  the  Fountain. 

The  Level  being  adjufted  in  the  Point  E,  look  at  the  Staff  H,  and  the  vifual  Ray  will 
give  the  Point  F;  meafure  the  height  H  F,  which  fuppofe  11  Feet  6  Inches  ;  likewife  mea- 
fure the  diftance  H  E,  which  fuppofe  500  Toifes,  for  which  diftance  the  Table  gives  2  In- 
ches 9  Lines  of  abatement,  which  being  taken  from   the  height  H  F,  and  there  will  remain 

I I  Feet,  3  Inches,  3  Lines,  which  fet  down  in  the  Memorial.  Laftly,  Having  turned  the 
Level  for  looking  at  the  Angle  of  the  Houfe  D,  meafure  the  height  of  the  Point  D,  where 
the  "Vifual  Ray  terminates  above  the  Ground,  which  fuppofe  8  Feet  3  Inches.  Meafure 
alfo  the  diftance  from  the  Point  D,  to  the  faid  Houfe,  which  is  450  Toifes,  for  which  dif- 
tance the  Table  gives  2  Inches  3  Lines  of  abatement ;.  which  being  taken  from  the  faid  height, 
there  will  remain  8  Feet  9  Lines,  which  fet  down  in  the  Memorial. 
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How  tofet  down  all  the  different  Heights  in  the  Memorial. 
Having  found  proper  Places  (as  we  have  already  fuppofed)  for  placing  the  Level  between 
two  Points,  you  muft  write  on  the  Memorial,  in  two  different  Columns,  the  obferved  Heights  ; 
namely,  under  the  firft  Column  thofe  obferved  by  looking  thro  the  Telefcope,  when  the  Eye 
was  next  to  the  Source  A  ;  and  under  the  fecond  Column,  thofe  obferved  when  the  Eye  was 
next  to  the  Vafe  B  of  the  Fountain,  in  the  following  manner. 

Firft  Column.  Second  Column. 


Firft  Height        7'oifes.  Feet.  Inches.  Lines. 
Corrected  206  o 

Third  Height        1533 

3         5        9  3 


Second  Height     Toifes.    Feet.  Inches.  Lines. 

3  3         9         4 

Fourth  Height  1209 


5       10 


Having  added  together  the  Heights  of  the  firft  Column,  and  afterwards  thofe  of  the  fecond, 
fubftraft  the  firft  Additions  from  the  fecond. 


7'oifes. 

Feet. 

Inches.      Lines. 

4 
3 

5 

5 

10             1 
9           3 

10 


Whence  the  Height  of  the  Source  A  above  the  Vafe  B  is  1  Toife  and  10  Lines. 

If  the  Diftance  be   required,  you   need .  but  add  all  the  Diftances  meafured  together  j 


namely, 


The  Firft  of 
The  Second 
The  Third 
The  Fourth 


The  whole  Diftance  2600  Toifes. 


Laftly,  Dividing  the  Defcent  by  the  Toifes  of  the  Diftance,  there  will  be  for  every   100 
Toifes,  about  2  Inches  9  Lines  of  Defcent,  nighly. 

CHAP.    III. 

Of  the  Conftrutfion  and  Vfe   of  a  Gauge  for  Measuring  of 

Water. 

Fig.  M.  ^~1P  HIS  Gauge  ferves  to  know  the  Quantity  of  Water  which  a  Source  furnifhes,  and  is 
JL  commonly  a  Rectangular  Parallelopepidon  of  Brafs  well  folder'd,  about  a  Foot  long, 
8  Inches  broad,  and  as  many  in  height,  more  or  lefs,  according  to  the  Quantity  of  Water  to  be 
meafured,  having  feveral  round  holes  very  exa&ly  drilled  in  it,  an  Inch  in  Diameter, and  others 
for  half  an  Inch  of  Water  to  pafs  thro  ;  and  alfo  others  for  a  quarter  of  an  Inch  ofWater  to  pafs 
thro  them.  All  of  which  ought  to  be  drilled  fo  as  their  Centers  may  be  at  the  fame  height. 
The  upper  Extremes  of  the  Inch-holes  muft  be  within  two  Lines  of  the  top  of  the  Gauge  ; 
and  the  holes  are  flopped  with  little  fquare  Brafs  Plates,  adjufted  in  the  Grooves  1,  2,  and  3. 
There  is  a  Brafs  Partition,  croffing  the  Veffel  at  the  place  4,  fixed  about  an  Inch  from  the 
bottom,  and  drilled  with  feveral  holes,  for  the  Water  to  pafs  more  freely.  This  Partition 
is  made  to  receive  the  fhock  of  the  Water  falling  from  the  Source  into  the  Gauge,  and 
hindering  it  from  making  of  Waves,  fo  that  it  may  more  naturally  run.  out  thro  the 
holes. 

Note,  The  holes  which  give  a  Cylindric  Inch  of  Water,  ought  to  be  exa&ly  12  Lines  in 
Diameter  ;  that  giving  half  an  Inch  ought  to  be  8  i  Lines,  and  that  giving  a  quarter  of  an 
Inch  muft  be  exactly  6  Lines.     This  may  be  eafily  found  by  Calculation. 

To  ufe  this  Inftrument,  it  muft  be  placed  fo  as  its  bottom  may  be  parallel  to  the  Horizon, 
and  then  let  the  Water  of  the  Source  run  thro  a  Pipe  into  the  Gauge,  (as  per  Figure)  and 
when  it  wants  about  a  Line  of  the  top,  open  one  of  the  holes  (for  Example)  of  an  Inch. 
Then  it  the  Water  always  keeps  the  fame  height  in  the  Gauge,  it  is  manifeft  that  there 
runs  as  much  into  it  as  goes  out  of  it,  and  fo  the  Source  will  furnifh  an  Inch  of  Water. 

But 
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But  if  the  Water  in  the  Gauge  rifes,  there  muft  be  another  hole  opened,  either  of  art 
Inch,  half  an  Inch,  or  a  quarter  of  an  Inch  ;  fo  that  the  Water  may  keep  to  the  fame  height 
in  the  Gauge,  that  is,  to  a  Line  above  the  holes  of  an  Inch ;  and  then  the  number  of  Holes 
opened  will  give  the  Quantity  of  Water  furniflied  by  the  Source. 

The  little  Veifel  receiving  the  Water  running  out  of  the  Gauge,  is  to  fhew  how  much  Fig.  N; 
Water  the  Source  furni flies  in  a  determinate  fpace  of  Time  :  For  having  a  Pendulum  which 
fwings  Seconds,  note  how  many  Seconds  there  will  be  in  the  time  that  this  Veflel,  fet  un- 
der the  hole  giving  an  Inch  of  Water,  is  filling ;  and  exaftly  meafuring  the  Quantity  of 
Water  it  contains,  you  may  have  the  Quantity  of  Water  the  Source  furniflies  in  an 
Hour. 

There  has  feveral  very  exact  Experiments  been  made  upon  this  Subject  :  from  whence 
it  has  been  found,  that  a  Source  giving  one  Inch  of  Water,  will  fill  14  Pints  of  Paris,  in 
a  Minute. 

It  follows  from  hence,  that  an  Inch  of  Water  gives  in  an  Hour  8  Paris  Muids,  and  in 
24  Hours,  72  Muids. 

If,  for  Example,  a  Cubic  Veflel  be  placed  under  the  Gauge,  containing  a  Cubic  Foot;  and 
if  the  Water  runs  thro  the  hole  giving  an  Inch  of  Water,  that  Veflel  will  be  filled  in  two 
Minutes  and  a  half:  From  whence  it  follows,  that  it  gives  14  Pints  in  a  Minute,  becaufe  it 
furnifhed  35  Pints  in  two  Minutes  and  a  half. 

By  this  means  we  may  know  the  Inches  of  Water  a  Spring  or  Running-Stream  gives  : 
As  if,  for  Example,  the  Spring  gives  7  Pints  of  Water  in  a  Second  ;  then  it  is  faid  to 
furnifli  an  Inch  of  Water  :  If  it  fliould  give  21  Pints,  then  it  is  faid  to  furnifh  3  Inches 
of  Water ;  and  fo  of  others. 

To  meafure  the  Running- Water  of  an  Aqueduct  or  River,  which  cannot  be  received   in 
a  Gauge,  you  mull  put  a  Ball  of  Wax    upon    the  Water,  made  fo  heavy  with   fome   other 
Matter,  as  that  there  may  be  but  a  fmall  part   of  the  Ball  above  the  Surface  of  the  Water, 
that  fo  the  Wind  can  have  no  power  on  it.     And   after  having  meafured  a  Length   of  15    or 
20  Feet  of  the  Aqueduct,  you  may  know  by   a  Pendulum  in   what  time  the  Ball  of  Wax 
will  be  carried  that  diftance ;  and  afterwards  multiplying  the  Breadth  of   the  Aqueduct  or 
River  by  the  height  of  the  Water,   and  that  Product  by  the  fpace  which   the  Ball   of  Wax 
has  moved,  this   laft  Product  will  give  all   the  Water  pafl'ed,   in  the  noted  time,  thro  the 
SecYion  of  the  River.     Example ;  Suppofe   in  an  Aqueduct  two  Feet  wide,  and  one   Foot 
deep,  a  Ball  of  W7ax  moves,  in  20  Seconds,  30  Feet,  which  will  be  one  Foot  and  a  half  in  a 
Second  :  But  becaufe   the  Water  moves  fwifter  at  the  Top    than  the  Bottom,  you   muft 
take  but  20  Feet,  which  will  be  one  Foot  in   a  Second  ;  the  Product  of  one  Foot   deep, 
by  2  Feet  broad  is  2  Feet,  which  multiply'd  by  20,  the   Length,  gives  40  Cubic  Feet,  or 
40  times  35  Pints  of  Water,  which  makes  1400  Pints  in  20  Seconds  ;  and   if  20    Seconds 
give  1400  Pints,  60  Seconds  will  give  4200  Pints  ;  and  dividing  4200  by   14,  which  is  the 
Number  of  Pints  an  Inch  of  Water  gives,  in  a  Minute  or  60  Seconds,  the   Quotient  300 
will  be  the  Number  of  Inches  which  the  Water  of  the  Aqueduct  furniflies. 

Mr.  Maviotte,  who  has  learnedly  wrote  about  the  Motion  of  Water,  is  of  opinion  that 
Springs  are  nothing  but  Rain  Water,  which  pafiing  thro  the  Earth,  meets  with  Haflbck 
or  Clay,  which  it  cannot  penetrate  ;  and  therefore  is  obliged  to  run  along  the  Sides,  and 
fo  form  a  Spring.  For  fupporting  this  Hypothelis,  he  brings  the  following  Experi- 
ment. 

Having  fet  a  Cubic  VeiTel  about  a  Foot  high  in  a  proper  place  to  catch  Rain-Vv'ater  for 
feveral  Years,  he  obferved  that  the  Water  arofe  in  the  Veflel  each  Year,  one  with  another, 
18  Inches;  but  he  thought  it  better  to  make  it  but  15  Inches  :  whence  a  Toife  will  receive 
in  a  Y'ear  45  Cubic  Feet  of  Water  ;  for  multiplying  36  Feet  by  15  Inches,  the  Producl:  will 
be  45  Cubic  Feet. 

The  fame  Author  likewife  computes  the  Extent  of  Ground  which  fupplies  the  River  Seine 
with  Water  ;  and  has  found  that  the  Seine  is  not  the  fixth  part  as  big  as  it  might  be.  He  has 
a^ain  obferved,  that  it  has  but  10  Inches  of  Defcent  in  ioooToifes  over-againft  the  Inva- 
lids. He  faith  likewife,  that,  according  to  this  fuppofition,  the  greateft  Spring  of  Montmartre, 
when  it  is  molt  abounding,  doth  not  furnifli  over  and  above  Water,  fince  the  Ground  over- 
whelming it  ought  to  fend  Water  thereto.  Whence  he  concludes,  that  there  is  a  great  deal 
of  Water  loft  in  the  Earth. 

To  know  the  Shock  Water  produces,  Experience  has  fliown  that  Water  accelerates  its 
Motion,  according  to  the  odd  Numbers  1,  3,  5,  7,  &c.  that  is,  if  in  a  fourth  part  of  a  Second 
it  defcends  one  Foot  in  a  Pipe,  it  will  defcend  3  Feet  in  the  next  fourth  of  a  Second. 

The  Quantities  of  Water  fpouting  out  thro  equal  holes  made  at  the  Bottoms  of  Referva- 
tories,  of  different  heights,  are  to  each  other  in  the  fubduplicate  Rati6  of  the  heights.  The 
following  Table  fiiews  the  different  Expcnces  of  Water  at  different  heights. 
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A  'Table  of  the  Expence  of 
Water  in  a  Minute,  the 
Diameter  of  the  Aju- 
tage being  three  Lines 
in  different  Heights  of  a 
Refervatory. 


« 


Feet. 
6 
9 

12 

18 

25 

3o 
40 

52 


Pints. 

9 
11 

14 
16" 

19 
21 
24 
28 


If 


ft* 

w 


A  'Table  of  the  Expence  of 
Water  thro  different  Aju- 
tages at  the  fame  Height 
of  the  Refervatory. 


ST 


Lines. 

1 

2 

3 

4 

5 
6 

7 
8 


Pints. 

1 

6 

14 

25 

39 

56 

16 

no 


I 


A  Table  of  the  Height  of  Jets 
at  different   Heights  of  Re- 

fervataries. 


8 

*4 

ft 

^ 

**£-» 

QJ 

••£. 

St 

•^ 

to 

33 

N 

"eet. 

Pints. 

Inches 

6 

5 

1 

10 

10 

4 

20 

21 

4 

3o 

33 

0 

40 

45 

4 

5° 

5* 

4 

60 

72 

0 

70 

8<5 

4 

« 


You  may  fee  by  this  Table,  that  an  Ajutage,  double  another  in  Diameter,  will  expend 
four  times  the  Water  as  that  other  will.  Example  j  that  of  three  Lines  will  expend  in  a 
Minute  14  Pints,  and  that  of  6  Lines  will  expend  56  Pints.  Note,  The  Ajutages  mult  not 
be  made  Conical,  but  Cylindrical. 

CHAP.     IV. 

Of  the  Conftmftion  and  Vfes  of  Inflrument  s  for  Gunnery. 

ConflruBicn  of  the  Callipers. 
Fig.  O.         r~ir1  HIS  Inflrument  is  made  of  two  Branches  of  Brafs,  about  fix  or  7  Inches  long  when 
JL    fhut,  each  Branch  being    four  Lines  broad,  and  three  in  thicknefs.     The   Motion  of 
the  Head  thereof  is  like  that  of  the  Head  of  a  two-Foot  Rule,  and  the  ends  of  the  Branches 
are  bent  inwards,  and  furnifhed  with  Steel  at  the  Extremes. 

There  is  a  kind  of  Tongue  fattened  to  one  of  the  Branches,  whofe  Motion  is  like  that 
of  the  Head,  for  railing  or  lowering  it,  that  fo  its  end,  which  ought  to  be  very  thin,  may 
be  put  into  Notches  made  in  the  other  Branch,  on  the  infide  of  which  are  marked  the 
Diameters  anfwerable  to  the  Weights  of  Iron  Bullets,  in  this  manner :  Having  gotten  a 
Rule,  on  which  are  denoted  the  Divifions  of  the  Weights,  and  the  Bores  of  Pieces  (the 
Method  of  dividing  of  which  will  be  fhown  in  fpeaking  of  the  next  Inflrument)  open  the 
Callipers,  fo  that  the  inward  ends  may  anfwer  to  the  diilance  of  each  Point  of  the  Divifions 
fhewing  the  weights  of  Bullets  :  And  then  make  a  Notch  at  each  opening  with  a  triangular 
File,  that  fo  the  end  of  the  Tongue  entering  into  each  of  thefe  Notches,  may  fix  the  opening 
of  the  Branches  exactly  to  each  Number  of  the  Weights  of  Bullets.  We  commonly  make 
Notches  for  the  Diameters  of  Bullets  weighing  from  one  fourth  of  a  Pound  to'  48  Pounds, 
and  fometimes  to  64  Pounds.  And  then  Lines  muft  be  drawn  upon  the  furface  of  this 
Branch  againft  the  Notches,  upon  which  muft  be  fet  the  Correfpondent  Numbers  denoting 
the  Pounds. 

The  Ufe  of  this  Inflrument  is  eafy,  for  you  need  but  apply  the  two  ends  of  the  Branches 
to  the  Diameter  of  the  Bullet  to  be  meafured ;  and  then  the  Tongue  being  put  in  a  conve- 
nient Notch,  will  fhow  the  weight  of  the  Bullet. 

There  ought  always  to  be  a  certain  Proportion  obferved  in  the  breadth  of  the  Points  of 
this  Inflrument  ;  fo  that  making  an  Angle  (as  the  Figure  fhews)  at  each  opening,  the  infide 
may  give  the  weight  of  Bullets,  and  the  outfide  the  Bores  of  Pieces ;  that  is,  that  applying 
the  outward  ends  of  thofe  Points  to  the  Diameter  of  the  Mouths  of  Cannon,  the  Tongue, 
being  placed  in  the  proper  Notch,  may  fhow  the  weights  of  Bullets  proper  for  them. 

Conflruftion  of  the  Gunners  Square. 
Fig.  P.  This  Square  ferves  to  elevate  or  lower  Cannons  or  Mortars,  according  to  the  Places  they 

are  to  be  levelled  at,  and  is  made  of  Brafs,  one  Branch  of  which  is  about  a  Foot  long, 
8  Lines  broad,  and  one  Line  in  thicknefs  ;  the  other  Branch  is  4  Inches  long,  and  of  the  fame 
Length  and  Breadth  as  the  former.  Between  thefe  Branches  there  is  a  Quadrant  divided 
into  90  Deg.  beginning  from  the  ftiortefl  Branch,  furnifhed  with  a  Thread  and  Plummet. 

The 
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The  Ufe  of  this  Inflrument  is  eafy,  for  there  is  no  more  to  do  but  to  place  the  longeft 
Branch  in  the  Mouth  of  the  Cannon  or  Mortar,  and  elevate  or  lower  it,  till  the  Thread 
cuts  the  Degrees  neceflary  to  hit  a  propofed  Object. 

There  are  likewife  very  often  denoted,  upon  one  of  the  Surfaces  of  the  longeft  Branch, 
the  Divifion  of  Diameters  and  Weights  of  Iron  Bullets,  as  alfo  the  Bores  of  Pieces. 

The  making  of  this  Divifion  is  founded  upon  one  or  two  Experiments,  in  examining, 
with  all  poffible  Exactnefs,  the  Diameter  of  a  Bullet,  whofe  Weight  is  very  exactly  known. 
For  Example,  having  found  that  a  Bullet,  weighing  four  Pounds,  is  three  Inches  in  Diame- 
ter, it  will  be  eafy  to  make  a  Table  of  the  Weights  and  Diameters  of  any  other  Bullets  ; 
becaufe,  per  Prof .  18.  lib.  12.  End.  Bullets  are  to  one  another  as  the  Cubes  of  their  Diame- 
ters ;  from  whence  it  follows,  that  the  Diameters  are  as  the  Cube  Roots  of  Numbers,  ex- 
preffing  their  Weights. 

Now  having  found,  by  Experience,  that  a  Bullet,  weighing  four  Pounds,  is  three  Inches 
in  Diameter  ;  if  the  Diameter  of  a  Bullet  weighing  32  Pounds  be  required,  fay,  by  the 
Rule  of  Three,  As  4  is  to  32,  fo  is  27,  the  Cube  of  3,  to  a  fourth  Number,  which  will  be 
116  ',   whofe  Cube  Root,   6  Inches,    will  be  the  Diameter  of  a  Bullet  weighing  32  Pounds. 

Or  otherwife,  feek  the  Cube  Root  of  thefe  two  Numbers  4  and  32,  or  1  and  8,  which 
are  in  the  fame  Proportions,  and  you  will  find  1  is  to  2,  as  3  is  to  6,  which  is  the  fame  as 
before. 

But  fince  all  Numbers  have  not  exact  Roots,  the  Table  of  homologous  Sides  of  fimilar  So- 
lids (in  the  Treatifeof  the  Sector)  may  be  u fed.  If  now,  by  help  of  that  Table,  the  Dia- 
meter of  an  Iron  Bullet,  weighing  64  Pounds,  be  required,  form  a  Rule  of  Three,  whofe 
firfl  Term  is  307,  the  Side  of  the  fourth  Solid  ;  the  fecond  3  Inches,  or  36  Lines,  the  Dia- 
meter of  the  Bullet  weighing  four  Pounds;  and  the  third  Term  1000,  which  is  the  Side  of 
the  64th  Solid  :  the  Rule  being  finifhed,  you  will  have  00  '  Lines  for  the  Diameter  of  a 
Bullet  weighing  64  Pounds.  Afterwards  to  facilitate  the  Operations  of  other  Rules  of 
Three,  always  take,  for  the  firfl  Term,  the  Number  1000,  for  the  fecond  90  {-  Lines,  and 
for  the  third  the  Number  found  in  the  Table,  over  againft  the  Number  expreffing  the 
Weight  of  the  Bullet.  As  to  find  the  Diameter  of  a  Bullet  weighing  24  Pounds,  fay,  As 
1000  is  to  90  \  Lines,  fo  is  721,  to  6?  Lines,  which  is  5  Inches  and  5  Lines  for  the  Dia- 
meter fought.     By  this  Method  the  following  Table  is  calculated. 

STABLE,  containing  the  Weights  a?id  'Diameters  of  Iron  Bullets,   and 
the  Bores  of  the  mofi  common  Pieces  ufed  in  the  Artillery. 
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Weights  of  Bullets. 
Pounds. 


Diameters. 
Inches.     Lines. 


3 
4 
5 
6 

7 
8 

9 
10 

12 
16 

18 

30 
34 
27 
30 
33 

3* 

40 

48 
50 

64 


10  4 


3" 

3- 

3' 

3" 

3" 

3- 

4 

4 

4 

4 

5 

5" 

5" 

r 

6- 

6 

6 

6~ 

6~ 

7 


-  4 
-8 

-  o 

— 2 

~5 
-7 

-  9 
11 

"  3 

-9 

11 

1 

-5 
-8 

-10 

-  2 

"5 

■10 

■11 

6 


Bores  of  Pieces. 


Inches.     Lines. 


1 
2 

3 
4 
5 
6 

7 
8 

9 
10 
12 
16 
18 
20 
24 

27 
30 
33 
3* 

40 

48 

5° 
64 


1 
1 

1 
2 
2 

3 
3 
3 
3 
3 

■4 
4 
4 
4 
5 
5 
5 
5 
6 
6 
6 
6 

7 
7 
7 


-  3 

5* 

10 

it 

4  4 

9  i 
II  t 

IT 

ST 

5f 

II  T 

2 
I  T 

4 
8 

10  f 

IT 

r 

3  * 
5t 
8  xi 
it 
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Of  the  Curved-Pointed  Compajfes. 
Thefe  Compafles  do  not  at  all  differ  in  Conftruction  from  the  others, 
already  fpoken,  excepting  only  that  the  Points  may  be  taken  off,    and 


of  which  we  have  Fig.  Q.. 
curved  ones  put  on, 
which 
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Which  ferve  to  take  the  Diameters  of  Bullets,  and  then  to  find  their  Weights,  by  applying 
the  Diameters  on  the  Divisions  of  the  before-mentioned  Rule.  But  when  you  would  know 
the  Bores  of  Pieces,  the  curve  Points  muft  be  taken  off,  and  the  ftrait  ones  put  on  with 
which  the  Diameters  of  the  Mouths  of  Cannon  muft  be  taken,  and  afterwards  they  mufl  be 
applied  to  the  Line  of  the  Bores  of  Pieces,  which  is  alfo  fet  down  upon  the  aforefaid  Rule  ■ 
by  which  means  the  Weights  of  the  Bullets,  proper  for  the  propofed  Cannon,  may  be  found. 

CovftruElion  of  an  Jnftrument  to  level  Cannon  and  Mortars. 
Fig.  R.  T^his  Inftrument  is  made  of  a  Triangular  Brafs  Plate,  about  four  Inches  high,  at   the  Bot- 

tom of  which  is  a  Portion  of  a  Circle,  divided  into  45  Degrees  ;  which  Number  is  fufficienc 
for  the  higheft  Elevation  of  Cannon  or  Mortars,  and  for  giving  Shot  the  greateft  Rauoe  as 
hereafter  will  be  explained.  There  is  a  Piece  of  Brafs  fcrewed  on  the  Center  of  this  Por- 
tion of  a  Circle,  by  which  means  it  may  be  fixed  or  movable,  according  to  Neceffity. 

The  End  of  this  Piece  of  Brafs  muft  be  made  fo,  as  to  ferve  for  a  Plummet  and  Index  in 
order  to  fhew  the  Degrees  of  different  Elevations  of  Pieces  of  Artillery.  This  Inftrument 
hath  alfo  a  Brafs  Foot  to  fet  upon  Cannon  or  Mortars,  fo  that  when  the  Pieces  of  Cannon  or 
Mortar  are  horizontal,  the  whole  Inftrument  will  be  perpendicular. 

The  Ufeof  this  Inftrument  is  very  eafy  ;  for  place  the  Foot  thereof  upon  the  Piece  to  be 
elevated,  in  fuch  manner  that  the  Point  of  the  Plummet  may  fall  upon  a  convenable  De- 
gree, and  this  is  what  we  call  levelling  of  a  Piece. 

Of  the  Artillery  Foot-Level. 

Fig.  S.  The  Inftrument  S  is  called  a  Foot-Level,  and  we  have  already  fpoken  of  its  Conftruction; 

but  when  it  is  ufed  in  Gunnery,  the  Tongue,  ferving  to  keep  it  at  fight  Angles,  is  divided 
into  90  Degrees,  or  rather  into  twice  45  Degrees  from  the  middle.  The  Thread,  carrying 
the  Plummet,  is  hung  in  the  Center  of  the  aforefaid  Divifion,  and  the  two  Ends  of  the 
Branches  are  hollowed,  fo  that  the  Plummet  may  fall  perpendicular  upon  the  middle  of  the 
Tongue,  when  the  Inftrument  is  placed  level. 

To  ufe  it,  place  the  two  Ends  upon  the  Piece  of  Artillery,  which  may  be  raifed  to  a  pro- 
pofed Height/  by  means  of  the  Plummet,  whofe  Thread  will  give  the  Degrees. 

Upon  the  Surface  of  the  Branches  of  this  Square,  which  opens  quite  ftrait   like  a  Rule 
are  fet  down  the  Weights  and  Diameters   of  Bullets,    and  alfo  the  Bores  of  Pieces,    as  we 
have  before  explained  in  fpeaking  of  the  Gunner's  Square. 

Fig.T.  The  Inflrument  T  is  likewife  for  levelling  Pieces   of  Artillery,  being  almoft   like  R,   ex- 

cept only  the  Piece,  on  which  are  the  Divifions  of  Degrees,  is  movable,  by  means  of  a 
round  Rivet :  that  is,  the  Portion  of  the  Circle  (or  Limb)  may  be  turned  up  and  adjufted 
to  the  Branch,  fo  that  the  Inftrument  takes  up  lefs  room,  and  is  eafier  put  in  a  Cafe. 
The  Figure  thereof  is  enough  to  fhew  its  Conftru&ion,  an(j  jts  ufes  are  the  fame  as  thofe 
of  the  precedent  Inftrument. 
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Explanation  of  the  Effetls  of  Cannon  and  Mortars. 

The  Figure  V  reprefents  a  Mortar  upon  its  Carriage,  elevated  and  difpofed  for  throwing 
a  Bomb  into  a  Citadel,  and  the  Curve-Line  reprefents  the  Path  of  the  Bomb  thro  the  Air, 
from  the  Mouth  of  the  Piece  to  its  Fall.  This  Curve,  according  to  Geometricians,  is  a  Pa- 
rabolic Line,  became  the  Properties  of  the  Parabola  agree  with  it  ;  for  the  Motion  of  the 
Bomb  is  compofed  of  two  Motions,  one  of  which  is  equal  and  uniform,  which  the  Fire  of 
the  Powder  gives  it,  and  the  other  is  an  uniform  accelerate  Motion,  communicated  to  it 
by  its  proper  Gravity.  There  arifes,  from  the  Compofition  of  thefe  two  Forces,  the  fame 
Proportion,  as  there  is  between  the  Portions  of  the  Axis  and  the  Ordinates  of  a  Parabola  ; 
as  is  very  well  demonftrated  by  M.  Blondel,  in  his  Book,  entitled,  "The  Art  of  throwing  Bombs. 

Maltus,  an  Englifh  Engineer,  was  the  firft  that  put  Bombs  in  pradice  in  France,  in  the  Year 
1534.  all  his  Knowledge  was  purely  experimental ;  he  did  not,  in  the  leaft,  know  the  Na- 
ture of  the  Curve  they  defcribe  in  their  Paffage  thro  the  Air,  nor  their  Ranges,  according 
to  different  Elevations  of  Mortars,  which  he  could  not  level  but  tentively,  by  the  Eftima- 
mation  he  made  of  the  Diftance  of  the  Place  he  would  throw  the  Bomb  to  ;  according  to 
which  he  gave  his  Piece  a  greater  or  lefs  Elevation,  feeing  whether  the  firft  Ranges  were 
juft  or  not,  in  order  to  lower  his  Mortar,  if  the  Range  was  too  little  ;  or  raife  it,  if  it  was 
too  great ;  ufing,  for  that  erred,  a  Square  and  Plummet,  almoft  like  that  of  which  we  have 
already  fpoken. 

The  greateft  Part  of  Officers,  which  have  ferved  the  Batteries  of  Mortars  fince  Maltus's 
time,  have  ufed  his  Elevations  ;  they  know,  by  Experience,  nearly  the  Elevation  of  a  Mor- 
tar to  throw  a  Bomb  to  a  given  Diftance,  and  augment  or  diminiffi  this  Elevation  in  pro- 
portion, as  the  Bomb  is  found  to  fall  beyond  or  iTiort  of  the  Diftance  of  the  Place  it  is  re- 
quired to  be  thrown  in. 

Yet  there  are  certain  Rules,  founded  upon  Geometry,  for  finding  the  different  Ranges, 
not  only  of  Bombs,  but  likewife  of  Cannon,  in  all  the  forts  of  Elevations  ;  for  the  Line,  de- 
ferred in  the  Air  by  a  Bullet  fhot  from  a  Cannon,  is  alfo  a  Parabola  in  all  Projections,  not 
only  oblique  ones,  but  right  ones,  as  the  Figure  W  fhews. 
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A  Bullet  going  one  of  a  Piece,  will  never  proceed  in  a  ftraight  Line  towards  the  Place  it 
is  levelled  at,  but  will  rife  up  from  its  Line  of  Direction  the  moment  after  it  is  out  of  the 
Mouth  of  the  Piece.  For  the  Grains  of  Powder  nigheft  the  Breech,  taking  fire  firft,  prefs 
forward,  by  their  precipitated  Motion,  not  only  the  Bullet,  but  like-wife  thofe  Grains  of 
Powder  which  follow  the  Bullet  along  the  Bottom  of  the  Piece  ;  where  fucceffively  taking 
fire,  they  ftrike  as  it  were  the  Bullet  underneath,  which,  becaufe  of  a  neceffary  Vent,  has 
not  the  fame  Diameter  as  the  Diameter  of  the  Bore  :  and  fo  infenlibly  raife  the  Bullet  to- 
wards the  upper  Edge  of  the  Mouth  of  the  Piece,  againft  which  it  fo  rubs  in  going  out, 
that  Pieces  very  much  ufed,  and  whofe  Metal  is  fott,  are  obferved  to  have  a  considerable 
Canal  there,  gradually  dug  by  the  Friction  of  Bullets.Thus  the  Bullet  going  from  the  Cannon, 
as  from  the  Point  E,  raifes  itfelf  to  the  Vertex  of  the  Parabola  G,  after  which  it  defcends 
by  a  mixed  Motion  towards  B. 

Ranges,  made  from  an  Elevation  of  45  Deg.  are  the  greateft,  and  thofe  made  from  Ele- 
vations equally  diftant  from  45  Deg.  are  equal  ;  that  is,  a  Piece  of  Cannon,  or  a  Mortar, 
levell'd  to  the  40th  Deg.  will  throw  a  Bullet,  or  Bomb,  the  fame  diftance,  as  when  they  are 
elevated  to  the  50th  Degree;  and  as  many  at  30  as  60  ,  and  fo  of  others,  as  appears  in 
Fig.  X.  ;  _  Fig.  X. 

The  firft  who  reafoned  well  upon  this  Matter,  was  Galilms,  chief  Ingineer  to  the  Great 
Duke  of  Tufcany,  and  after  him  Torricellius  his  Succeflor. 

They  have  fhewn,  that  to  find  the  different  Ranges  of  a  Piece  of  Artillery  in  all  Eleva- 
tions we  muft,  before  all  things,  make  a  very  exact  Experiment  in  firing  off  a  Piece  of 
Cannon  or  Mortar,  at  an  Angle  well  known,  and  meafuring  the  Range  made,  with  all  the 
exactnefs  pofTible  :  for  by  one  Experiment  well  made,  we  may  come  to  the  Knowledge  of 
all  the  others,  in  the  following  manner. 

To  find  the  Range  of  a  Piece  at  any  other  Elevation  required,  fay,  As  the  Sine  of  double 
the  An°le  under  which  the  Experiment  was  made,  is  to  the  Sine  of  double  the  Angle  of 
an  Elevation  propofed,  fo  is  the  Range  known  by  Experiment,  to  another. 

As  fuppofe,  it  is  found  by  Experiment  that  the  Range  of  a  Piece  elevated  to  30  Deg.  is 
1000  Toifes  :  to  find  the  Range  of  the  fame  Piece  with  the  fame  Charge,  when  it  is  eleva- 
ted to  45  Deg.  you  muft  take  the  Sine  of  <5o  Degrees,  the  double  of  30,  and  make  it  the 
firft  Term  of  the  Rule  of  Three;  the  fecond  Term  muft  be  the  Sine  of  90,  double  45  ; 
and  the  third  the  given  Range  1000  :  Then  the  fourth  Term  of  the  Rule  will  be  found  1155, 
the  Range  of  the  Piece  at  45  Degrees  of  Elevation. 

If  the  Angle  of  Elevation  propofed  be  greater  than  45  Deg.  there  is  no  need  of  doubling 
it  for  having  the  Sine  as  the  Rule  directs  ;  but  inftead  of  that,  you  muft  take  the  Sine  of 
double  its  Complement  to  00  Degrees  :  As,  fuppofe  the  Elevation  of  a  Piece  be  50  Degrees, 
the  Sine  of   80  Degrees,  the  double  of  40  Deg.  muft  be  taken. 

But  if  a  determinate  Diftance  to  which  a  Shot  is  to  be  caft,  is  given,  (provided  that  Dif- 
tance be  not  greater  than  the  greateft  Range  at  45  Deg.  of  Elevation)  and  the  Angle  of 
Elevation  to  produce  the  propofed  Effect  be  required  ;  as  fuppofe  the  Elevation  of  a  Can- 
non or  Mortar  is  required  to  caft  a  Shot  800  Toifes;  the  Range  found  by  Experiment  muft 
be  the  firft  Term  in  the  Rule  of  Three,  as  for  Example  1000  Toifes;  the  propofed  Diftance  : 
800  Toifes,  muft  be  the  fecond  Term ;  and  the  Sine  of  60  Degrees,  the  third  Term.  The 
fourth  Term  being  found,  is  the  Sine  of  43  Deg.  52  Min.  whofe  half  21  Deg.  j<5  Min.  is 
the  Angle  of  Elevation  the  Piece  muft  have,  to  produce  the  propofed  Effect ;  and  if  2 1  Deg. 
56  Min.  be  taken  from  90  Deg.  you  will  have  d8  Deg.  4  Min.  for  the  other  Elevation  of 
the  Piece,  with  which  alfo  the  fame  Effect  will  be  produced. 

For  greater  Facility,  and  avoiding  the  trouble  of  finding  the  Sines  of  double  the  Angles  of 
propofed  Elevations,  Galilaut  and  "Torricellius  have  made  the  following  Table,  in  which  the 
Sines  of  the  Angles  fought  are  immediately  feen. 


PP  A 


146 


Hoe  ConflruBion  and  Ufes       Book  V- 


STABLE  of  Sines  for  the  Ranges  of  Hombs. 


Degrees. 

Degrees. 

Ranges. 

Degrees. 

Degrees. 

Ranges. 

9° 

0 

0 

0 

0 

0 

89 

1 

349 

66 

24 

1431 

88 

2 

698 

^5 

M 

7660 

87 

3 

1045 

64 

26 

7880 

85 

4 

1392 

^3 

27 

8390 

85 

5 

1736 

62 

28 

8290 

84 

6 

2709 

61 

29 

8480 

83 

7 

2419 

60 

3o 

8660 

82 

8 

2555 

59 

3i 

8829 

81 

9 

3090 

58 

32 

8988 

80 

10 

3420 

57 

33 

9135 

19 

11 

374^ 

5^ 

34 

9272 

78 

12 

4067 

55 

35 

9397 

77 

i? 

4384 

54 

3* 

9511 

16 

14 

4695 

53 

37 

9613 

75 

15 

5000 

52 

38 

9703 

74 

16 

5299 

5i 

39 

978i 

73 

17 

5592 

50 

40 

9848 

72 

18 

5870 

49 

41 

9903 

7i 

*9 

6*57 

48 

42 

9945 

7o 

20 

6428 

47 

43 

9976 

59 

21 

6691 

46 

44 

9994 

68 

22 

6947 

45 

45 

1 0000 

67 

23   1 

7193 

The  Ufe  of  this  Table  is  thus  :  Suppofe  it  be  known  by  experience,  that  a  Mortar  ele- 
vated 1  j  Degrees,  charged  with  three  Pounds  of  Powder,  throws  a  Bomb  at  the  diftance 
of  350  Toifes,  and  it  is  required  with  the  fame  Charge  to  caft  a  Bomb  100  Toifes  further ; 
feek  in  the  Table  the  Number  anfwering  to  15  Degrees,  and  you  will  find  5000.  Then 
form  a  Rule  of  Three,  by  faying,  As  350  is  to  450,  fo  is  5000  to  a  fourth  Number,  which 
will  be  6428.  Find  this  Number,  or  the  nigheft  approaching  to  it,  in  the  Table,  and  you 
will  find  it  next  to  20  Deg.  or  70  Deg.  which  will  produce  the  required  Effect,  and  fo  of 
others. 

Of  the  ConftruBion  and  Ufe  of ^Englifh  Callipers. 


Fig.Y. 


THESE  Callipers  or  Gunners  Compafles,  confift:  of  two  long  thin  Pieces  of  Brafs, 
join'd  together  by  a  Rivet  in  fuch  a  manner,  that  one  may  move  quite  round  the  other. 
The  Head  or  End  of  one  of  thefe  Pieces  is  cut  Circular,  and  the  Head  of  the  other  Semi- 
circular, the  Center  of  which  being  the  Center  of  the  Rivet.  The  length  of  each  of  thofe 
Pieces  from  the  Center  of  the  Rivet  is  fix  Inches ;  fo  that  when  the  Callipers  are  quite  opened, 
they  are  a  Foot  long. 

One  half  of  the  Circumference  of  the  Circular  Head,  is  divided  into  every  2  Degrees, 
every  tenth  of  which  are  numbered.  And  on  part  of  the  other  half,  beginning  from  the 
Diameter  of  the  Semi-circle,  when  the  Points  of  the  Callipers  are  clofe  together,  are  Di- 
vifions  from  1  to  10,  each  of  which  are  likewife  fubdivided  into  four  parts.  The  Ufe  of 
thefe  Divifions  and  Subdivifions,  is,  that  when  you  have  taken  the  Diameter  of  any  round 
thing,  as  a  Cannon-Bail,  not  exceeding  10  Inches,  the  Diameter  of  the  Semi-circle  will, 
amongft  thofe  Divifions,  give  the  Length  of  that  Diameter  taken  between  the  Points  of  the 
Calippers  in  Inches  and  4th  Parts.  „ 

From  this  Ufe,  it  is  manifeft  how  the  aforefaid  Divifions  for  Inches  may  be  eafily  made  : 
For,  firft,  fet  the  Points  ©f  the  Callipers  together,  and  then  make  a  Mark  for  the  beginning 
of  the  Divifions;  then  open  the  Points  one  fourth  of  an  Inch,  and  where  the  Diameter  of 
the  Semi-circle  cuts  the  Circumference,  make  a  Mark  for  one  fourth  of  an  Inch.  Then 
open  the  Points  half  an  Inch,  and  where  the  Diameter  of  the  Semi-circle  cuts  the  Circumfe- 
rence, make  another  Mark  for  half  an  Inch.  In  this  manner  proceed  for  all  the  other  Subdi- 
vifions and  Divifions  to  Ten. 

Upon 
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Upon  one  of  the  Branches,on  the  fame  fide  the  Callipers,  are,  Firft,  half  a  Foot  or  fix  Inches 
each,  fubdivided  into  ten  Parts  :  Secondly,  a  Scale  of  unequal  Divifions  beginning  at  two, 
and  ending  at  ten,  each  of  which  are  fubdivided  into  four  Parts.  The  Conftruction  of  this 
Scale  of  Lines  will  be  very  evident,  when  its  Ufe  is  fhown,  which  is  thus  :  If  you  have  a 
mind  to  find  how  many  Inches,  under  10,  the  Diameter  of  any  Concave,  as  the  Diameter 
of  the  Bore  of  any  Piece  of  Ordnance  is  in  length,  you  muft  open  the  Branches  of  the  Cal- 
lipers, fo  that  the  two  Points  may  be  outwards  ;  then  taking  the  Diameter  between,  the  faid. 
Points,  fee  what  Divifion  or  Subdivision,  the  outward  Edge  of  the  Branch  with  the  Semi- 
circular Head,  cuts  on  the  aforefaid  Scale  of  Lines.,  and  that  will  be  the  Number  of  Inches, 
or  Parts,  the  Diameter  of  the  Bore  of  the  Piece  is  in  length.  Therefore  the  Divifions  on 
this  Scale  may  be  made  in  the  fame  manner  as  I  have  before  directed,  in  fhowing  how  to  make 
the  Divifions  for  finding  the  Diameters  of  round  Convex  Bodies. 

Thirdly,  The  two  other  Scales  of  Lines  on  the  fame  Face  of  the  fame  Branch,  fhew  when 
the  Diameter  of  the  Bore  ot  a  Piece  of  Cannon  is  taken  with  the  Points  of  the  Callipers 
outward,  the  Name  of  the  Piece,  whether  Iron  or  Brafs,  that  is,  the  Weight  of  the  Bullets 
they  carry,  orfuch  and  fuch  a  Pounder,  from  42  Pounds  to  1.  The  Conftru&ion  of  tnefe 
Scales  are  from  experimental  Tables  in  Gunnery. 

On  the  other  Branch,  the  fame  fide  of  the  Callipers,  is,  Firft,  fix  Inches,  every  of  which  is 
fubdivided  into  10  Parts.  Secondly,  a  Table  (hewing  the  Weight  of  a  Cubic  Foot  of  Gold, 
Quick-filver,  Lead,  Silver,  Copper,  Iron,  Tin,  Purkc-Stone,  Chryftal,  Brimftone,  Wa- 
ter, Wax,  Oil  and  dry  Wood. 

On  the  other  fide  of  the  Callipers,  is  a  Line  of  Chords  to  about  three  Inches  Radius,  and  Fig.  Z, 
a  Line  of  Lines  on  both  Branches,  the  fame  as  on  the  Sedor. 

There  is  alfo  a  Table  of  the  Names  of  the  following  Species  of  Ordnance,  viz,,  a  Falconet, 
a  Falcon,  a  Three- Pounder,  a  Minion,  a  Sacker,  a  Six-Pounder,  an  Eight-Pounder,  a  Demi- 
culverin,  a  Twelve-Pounder,  a  Whole-Culverin,  a  Twenty-four-Pounder,  a  Demi-Cannon, 
Baftard-Cannon,  and  a  Whole-Cannon.  Under  thefe  are  the  Quantities  of  Powder  neceflary 
for  each  of  their  Proofs,  and  alfo  for  their  Service. 

Upon  the  fame  Face  is  a  Hand  graved,  and  a  Right  Line  drawn  from  the  Finger  towards 
the  Center  of  the  Rivet.  Which  Right  Line  (hews,  by  cutting  certain  Divifions  made  on 
the  Circle,  the  Weight  of  Iron-fhot,  when  the  Diameters  is  taken  with  the  Points  of  the  Cal- 
lipers, if  they  are  of  the  following  Weights,  vfe.  42,  32,  24,  18,  12,  9,  6,  4,  3,  2,  1,  ij, 
1  Pounds.  Thefe  Figures  are  not  all  fet  to  the  Divifions  on  the  Circumference,  for  avoiding 
Confufion.  The  aforefaid  Divifions  on  the  Circumference  may  be  thus  made  :  Firft,  When 
the  Points  of  the  Callipers  are  clofe,  continue  the  Line  drawn  from  the  Finger  on  the  Limb, 
to  reprefent  the  beginning  of  the  Divifions.  Now  becaufe  from  experience  it  is  found,  that 
an  Iron  Ball  or  Globe  weighing  one  Pound  is  1.8  of  an  Inch,  open  the  Callipers,  fo  that  the 
diftance  between  the  two  Points  may  be  1.8  of  an  Inch;  and  then,  where  the  Line  drawn 
from  the  Finger  cuts  the  Circumference,  make  a  Mark  for  the  Divifion  1.  Again,  to  find 
where  the  Divifion  1.5  muft  be,  fay,  As  1  is  to  the  Cube  of  1.8,  fois  1.5  to  the  Cube  of  the 
Diameter  of  an  Iron  Ball  weighing  i.j  Pounds,  whofe  Root  extracted  will  give  2.23  In- 
ches. Therefore  open  the  Points  of  the  Callipers,  fo  that  they  may  be  2.23  Inches  diftant 
from  each  other ;  and  then,  where  the  Line  drawn  from  the  Finger  cuts  the  Circumference, 
make  a  Mark  for  the  Divifion  i|.  The  Reafon  of  this  is,  becaufe  the  Weights  of  Homo- 
geneous Bodies,  are  to  each  other  as  their  Magnitudes ;  and  the  Magnitudes  of  Globes  and 
Spheres,  are  to  each  other  as  the  Cubes  of  their  Diameters. 

Proceed  in  the  aforefaid  manner,  in  always  making  1  the  firft  Term  of  the  Rule  of  Three, 
and  the  Cube  of  1.8  the  fecond,  &c.  and  all  the  Divifions  will  be  had. 

Upon  the  Circle  or  Head,  on  the  fame  fide  of  the  Callipers,  are  graved  feveral  Geometri- 
cal Figures,  with  Numbers  fet  thereto.  There  is  a  Cube  whofe  fide  is  fuppofed  to  be  1  Foot 
or  12  Inches,  and  a  Pyramid  of  the  fame  Bafe  and  Altitude  over  it :  On  the  fide  of  the  Cube 
is  grav'd  470,  fignifying  that  a  Cubic  Foot  of  Iron  weighs  470  Pounds ;  and  on  the 
Pyramid  is  graved  1  ytf-f,  fignifying  that  the  Weight  of  it  is  fo  many  Pounds. 

The  next  is  a  Sphere,  fuppofed  to  be  inferibed  in  a  Cube  of  the  fame  Dimenfions,  as  the 
former  Cube,  in  which  is  writ  246-?,  which  is  the  Weight  of  that  Sphere  of  Iron.  The  next 
is  a  Cylinder,  the  Diameter  and  Altitude  of  which  is  equal  to  the  fide  of  the  aforefaid  Cube, 
and  a  Cone  over  it,  of  the  fame  Bafe  and  Altitude ;  there  is  fet  to  the  Cylinder  369^  fig- 
nifying, that  a  Cylinder  of  Iron  of  that  Bignefs,  weighs  369-rY,  and  to  the  Cone  121^, 
iignifying,  that  a  Cone  of  Iron  of  that  Bignefs  weighs  1 2  ir~  Pounds. 

The  next  is  a  Cube  inferibed  in  a  Sphere  of  the  fame  Dimenfions  as  the  aforefaid  Sphere. 
There  is  fet  to  it  the  Number  90J-,  fignifying,  that  a  Cube  of  Iron  inferibed  in  the  faid 
Sphere,  weighs  90^  Pounds. 

The  next  is  a  Circle  inferibed  in  a  Square,  and  a  Square  in  that  Circle,  and  again  a 
Circle  in  the  latter  Square.  There  is  fet  thereto  the  Numbers  28,  11,  22  and  14,  fignifying, 
that  if  the  Area  of  the  outward  Square  is  28,  the  Area  of  its  inferibed  Circle  is  22,  and  the 
Area  of  the  Square  inferibed  in  the  Circle  14,  and  the  Area  of  the  Circle  inferibed  in  the 
latter  Square  11. 

The 


148  The  ConfiruBion  and  Ufes,  &c.    Book  V. 

The  next  and  laft,  is  a  Circle  eroded  with  two  Diameters  at  Right  Angles,  having  in  it 
the  Numbers  7,  22,  113  and  355;  the  two  former  of  which  represent  the  Proportion  of  the 
Diameter  of  a  Circle  to  its  Circumference  ;  and  the  two  latter  alfo  the  Proportion  of  the  Dia- 
meter to  the  Circumference.     But  fomething  nearer  the  Truth. 

I  have  already,  as  it  were,  fhewn  the  Ufes  of  this  Inftrument ;  but  only  of  the  Degrees 
on  the  Head,  which  is  to  take  the  Quantity  of  an  Angle,  the  manner  of  doing  which  is  eafy: 
For  if  the  Angle  be  an  inward  Angle,  as  the  Corner  of  a  Room,  &c.  apply  the  two  outward 
Edges  of  the  Branches  to  the  Walls  or  Planes  forming  the  Angles,  and  then  the  Degrees  cut 
by  the  Diameter  of  the  Semi-circle,  will  fhew  the  Quantity  of  the  Angle  fought.  But  if 
the  Angle  be  an  outward  Angle,  as  the  Corner  of  a  Houfe,  &c.  you  muft  open  the  Branches 
till  the  two  Points  of  the  Callipers  are  outwards  ;  and  then  apply  the  ftraight  Edges  of  the 
Branches  to  the  Planes,  or  Walls,  and  the  Degrees  cut  by  the  Diameter  of  the  Semi-circle, 
will  be  the  Quantity  of  the  Angle  fought,  reckoning  from    180  towards  the  Right  Hand. 
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Of  the  ConfiniBion  and  Ufes  of  Aftronomical 

Inftruments. 

Taken  from  the  Aflronomical  Tables  of  M.de  la  Hire,  and  the 
Observations  of  the  Academy  of  Sciences. 


C  H  A  P.     I. 

Of  the  Conftruclion  and  VJes  of  the  Aftronomical  Quadrant. 

HE  Quadrants  ufed  by  Aftronomers  for  Celeftial  Obfervations,  are  ufually 
three  Feet,  or  three  Feet  and  a  half  (of  Paris)  Radius,  that  fo  they  may  be 
eafily  managed  and  carried  from  Place  to  Place.  Their  Limbs  are  divided 
into  Degrees  and  Minutes,  that  fo  Obfervations  made  with  them  may  be  ve- 
ry exaft. 

This  Inftrument  is  compofed  of  feveral  pretty  thick  Iron  or  Brafs  Rules,  Plate  16. 
vvhofe  Breadths  ought  to  be  parallel  to  its  Plane.  There  are  moreover  other  Fig>  *« 
Iron  or  Brafs  Rules,  fo  ad  jutted  and  joined  behind  the  former  ones,  that  their  Breadths  are 
perpendicular  to  the  Plane  of  the  Quadrant.  Thefe  Rules  are  joined  together  by  Screws, 
by  means  of  which  the  whole  Conjunction  of  the  Inftrument  is  made,  which  ought  to  be 
very  ftrait  every  way,  firm,  and  pretty  weighty.  The  Limb  is  likevvife  ftreugthen'd  with  a 
curved  Brafs,  or  Iron  Ruler.  There  is  a  thick  flrong  circular  Blade  placed  in  the  Center, 
ferving  for  the  Ufes  hereafter  mentioned  ;  which  circular  Blade  and  the  Limb  muft  be  raifed 
fomething  higher  than  the  Plane  of  the  Inftrument,  both  of  which  muft  be  covered  with  well- 
polifhed  thin  Pieces  of  Brafs.  But  you  muft  take  great  care  that  the  Surfaces  of  thefe  Pieces 
of  Brafs  be  both  in  the  fame  Plane.  " 

The  aforefaid  circular  Iron  Blade  in  the  Center  muft  have  a  round  Hole  in  the  middle 
thereof,  about  -  of  an  Inch  in  Diameter,  in  which  is  placed  a  well-turned  Brafs  Cylinder, 
raifed  fomething  above  the  central  thin  Piece  of  Brafs. 

This  Cylinder,  which  is  reprefented  in  Figure  2,  hath  the  Point  of  a  very  fine  Needle  ad- Fig.  a, 
jutted  in  the  Center  of  its  Bafe,  which  is  fupported  in  going  into  a  little  Hole  in*  the  Center 
of  theBafc,  and  by  lying  along  a  femicircular  Cavity,  and  is  kept  therein  by  means  of  a  lit- 
tle Snring  preffing  againft  it  ;  fo  that  when  the  Needle  is  taken  away,  and  we  have  a  mind  to 
put  it  there  again,  it  may  exa&ly  be  placed  in  the  little  Hole  in  the  Center  of  the  faid  Cy- 
linder. This  little  Hole  ought  to  be  no  bigger  than  a  Hair,  but  it  muft  be  fomething  deep, 
that  fo  the  Point  of  the  Needle  may  go  far  enough  into  it,  that  at  the  fhaking  of  the  Qua- 
drant it  may  not  come  out.  At  the  Point  of  this  Needle  is  hung  a  Hair,  by  means  of  a 
Ring  made  with  the  fame  Hair  big  enough,  for  fear  left  the  Knot  or  the  Ring  fhould  touch 
the  central  Plate,  and  the  Motion  of  the  Hair  be  difturbed.  Note,  The  Bafe  of  the  cen- 
tral Cylinder  A,  reprefented  in  this  Figure,  muft  be  fuch,  that   the  Ring  of  the  Hair,  hung 
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on  the  Point  of  the  Needle,  may  not  touch  the  faid  Bafe  other  wile  than  in  its  Center,   when 
there  is  a  Plummet  hung  to  the  End  of  the  Hair,  of  about  half  an  Ounce  in  weight. 

The  Conftruftion  of  this  central  Cylinder  ought  to  be  fuch,  that  it  may  be  taken   away 
and  preferved,   and  another  placed  inftead  thereof,  of  the  fame  Thicknefs  therewith,    but 
fomething  longer  ,•  which  coming  out  beyond  the  central  Blade,  fuftains  the  Rule  of  the  Is- 
ftrument,  in  fuch  manner  as  we  are  going  to  explain. 

There  is  moreover,  at  the  central  Brafs  Blade,  which  covers  the  Iron  one,  a  plane  Ring 
A,  turning  about  the  Center,  but  not  touching  the  central  Cylinder  ;  in  fuch  manner,  that 
the  outward  Surface  thereof  is  even  with  the  Surface  of  the  faid  Brafs  Blade.  Upon  this 
Ring  is  fattened,  with  two  Screws,  a  flat  TubeM,  which  moves  freely  along  with  the  Hair 
and  Plummet,  which  it  covers,  andfo  preferves  it  from  the  Wind  when  the  Inftrument  is 
tiling. 

This  Tube  carries  a  Glafs,  placed  againft  the  Divifions  of  the  Limb  of  the  Quadrant, 
in  order  to  fee  what  Point  of  Divifion  the  Hair  falls  upon.  Behind  and  nigh  to  the  Center 
of  Gravity  of  the  Quadrant,  is  firmly  fixed,  with  three  or  four  Screws,  to  the  Rules  of  the 
Inftrument,  the  Iron  Cylinder  I,  vvhofe  Length  is  8  Inches,  and  Diameter  of  its  Bafe  two 
Inches.  This  Cylinder  being  perpendicular  to  the  Plane  of  the  Quadrant,  may  be  called  its- 
Axis. 

Now  becaufe  the  principal  Ufe  of  this  Inftrument  is  for  taking  the  Altitudes  of  the  Sun 
or  Stars,  it  muft  be  lb  ordered,  that  its  Plane  may  be  eafily  placed  in  a  vertical  Situation  ; 
therefore  an  Iron  Ruler  M  N  muft  be  prepared,  whofe  Thicknefs  is  three  Lines,  Length 
•  eight  Inches,  and  Breadth  one  Inch,  or  thereabouts.  On  one  Side  of  this  Ruler  are  ad- 
jufted  two  Iron  Rings  ZZ,  open  a-top  with  Ears,  each  of  which  has  a  Screw  to  draw  the 
Ears  clofer  together,  which  have  a  Spring.  The  Bignefs  of  thefe  Rings  is  nearly  equal  to 
the  Thicknefs  of  the  Cylinder  I,  or  Axis  of  the  Quadrant,  which  being  put  thro  them,  is 
madefaft  with  the  Screws  ,•  fo  that  the  Axis  and  Quadrant,  which  it  is  fixed  to,  may  remain 
firm  in  any  Pofition  the  Quadrant  is  put  into. 

On  the  other  Side  of  the  faid  Ruler  M  N  is  foldered  an  Iron  Cylinder  O,  of  fuch  a 
Length  and  Breadth,  as  to  go  into  the  Tube  Q_,  of  which  we  are  going  to  fpeak. 

Now  when  the  Inftrument  is  to  be  placed  fo,  that  its  Plane  may  be   horizontal,     for  ufin^- 
an  Index  or  moveable  Arm  to  take  the  Diftances  of  Stars  or  Places  upon  Earth,   the  Cylinder 
I.  muft  be  put  into  the  Tube  Q,  by  which  means  the  Quadrant  may  be  eafily  turned  to  what 
part  you  pleafe. 
f '§•  J*  The  Foot,  or  Support  of  the  whole  Inftrument,  is  commonly  compofed  of  an  Iron  Tube 

Qj  whofe  upper  Part  is  capable  of  containing  the  Cylinder  O,  and  its  lower  Part  goes  thro 
the  middle  of  an  Iron  Crofs,  and  is  faftened  in  it  by  four  Iron  Arms,  at  the  four  Ends  of 
which  Crofs  are  four  great  Screws,  to  raife  or  lower  the  Quadrant,  and  put  it  in  a  convenient 
Situation.  But  Monfieur  de  la  Hire  propofes  a  Triangular  Support  in  his  Tables,  which  is 
compofed  of  an  Iron  or  Brafs  Tube,  big  enough  to  contain  the  Cylinder  O,  faftened  with 
two  Screws  to  three  Iron  Rulers  R  S,  bent  towards  their  Tops,  and  of  a  pretty  good 
Thicknefs,  which  are  adjufted  and  well  fixed  to  a  Tee  or  double  Square  T  X  Y.  The 
Screw  V,  in  the  middle  of  the  Tube  Q,  is  for  fixing  the  Cylinder  O,  according  to  Ne- 
ceflity. 

Now  when  the  Meridian  Altitudes  of  Stars  are  to  be  obferved,  the  Ruler  T  Y  ought  to 
be  placed  in  the  Meridian  Line,  and  of  the  three  Screws  T  X  Y,  which  fuftain  the  weight 
of  the  whole  Inftrument ;  that  which  is  in  X  ferves  to  lower  the  Plane  of  the  Inftrument, 
till  it  anfwers  to  the  Plane  of  the  Meridian,  according  as  the  Obferver  would  have  it  ;  and 
the  other  two  are  tor  railing  or  lowering  the  Inftrument  by  little  and  little,  until  the  Plumb- 
Line  falls  upon  the  requifite  Altitude.  But  it  often  happens  in  turning  the  Screws  that 
are  in  T  and  Y,  that  the  Quadrant  difplaces  itfelf  from  its  true  Pofition  ;  whence,  if  the 
Defect  be  fome  Minutes,  this  may  be  remedied,  by  hanging  a  moveable  Weight  to  the  Back- 
fide  of  the  Branches  of  the  Inftrument,  which  may  alter  the  Center  of  Gravity,  as  likewife 
change  the  Inclination  of  the  Quadrant  ;  for  the  Rulers  compofing  the  Foot  are  not  entirely 
free  from  Elafticity.  Now  the  nigher  to  the  Foot  the  Place  of  Sufpenfion  of  the  Weight  is, 
the  lefs  Force  will  it  have  to  fhake  the  Inftrument.  Note,  The  Height  of  the  Foot  is  com- 
monly four  Feet  and  a  half,  or  thereabouts,  and  the  fame  Ufe  is  equally  made  of  the  four 
Branch  Support. 

The  Divifions  on  the  Limb  of  this  Quadrant  ought  to  be  made  with  great  Care,  that  fo 
Obfervations  may  thereby  be  exactly  taken.     Each  Degree  is  divided   into  do  Minutes,  by 
Fig.  6.  means  of    1 1  concentrick  Circles,  and  6  Diagonal  right  Lines,  as  in  Figure  6  may   be  feen. 

Thefe  Diagonal  Diftances  are  equal  between  themfelves,  but  thofe  of  the  Concentrick  Cir- 
cles are  unequal ;  yet  this  Inequality  is  not  fenfible,  if  the  Radius  of  the  Quadrant  be  three 
Feet,  and  the  Diftance  between  the  two  outmoft  Concentrick  Circles  be  one  Inch  ;  for  if  the 
Arc  A  E,  of  the  outmoft  Circle  be  io  Minutes,  and  there  are  drawn,  from  the  Center  C  of 
the  Quadrant,  the  Radii  ADC,  E  B C,  meeting  the  inner  Concentrick  Circle  in  the  Points 
D,  B,  the  Arc  D  B  will  be  likewife  io  Minutes.  Note,  Figure  6  isfuppofed  to  be  put  up- 
on the  Limb  of  the  Inftrument,  Figure  i. 

But 
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But  if  the  Right-lined  Diagonals  A  B,  D  E,  are  drawn  interfering  each  other  in  the  Point 
F  ;  I  fay  F  is  the  middle  Point  of  Divition  thro  which  the  middle  Circle  ought  to  pafs  :  For 
the  Arcs  A  E,  B  D,  which  may  be  taken  for  Strait  Lines,  are  to  each  other,  as  A  F  is  to 
F  B  :  for  it  is  evident,  that  C  A  is  to  C  B,  as  the  Divifions  of  the  Bafe  A  B  of  the  Right- 
lined  Triangle  ACB;  but  fince  C  A  is  to  C  B  as  A  E  is  to  D  B,  therefore  A  E  is  to  D  B, 
as  the  Divifions  of  the  Bafe  A  B  made  by  a  Radius,  bifecting  the  Angle  ACB:  and  confe- 
quently  the  Point  F,  before  found  in  the  Right-lined  Diagonal  A  B,  will  be  the  middle  Point 
of  the  Divifions. 

Now  let  us  fuppofe,  that  AC  is  to  C  B,  as  35  Inches  is  to  5  5  ;  then  A  B  is  to  A  F,  as 
71  is  to  36.  Therefore  if  the  breadth  of  one  Inch,  or  12  Lines,  which  is  the  fuppofed  mea- 
sure of  A  B,  is  divided  into  71  equal  Parts,  the  part  A  F  will  be  36  of  them,  which  will 
be  greater  by  half,  or  about  T-|  of  a  Line,  than  half  of  A  B,  which  is  but  3  5  J..  This  Diffe- 
rence is  of  no  confequence,  and  may,  without  any  fenfible  Error,  be  neglected  in  the  Divi- 
sion of  the  middle  ;  and  much  more  in  the  other  Divifions,  where  it  is  lefs. 

Inftead  of  making  Right-lined  Diagonals,  we  may  make  them  Portions  of  Circles  paffing 
thro  the  Center  of  the  Instrument,  and  the  firft  and  laft  Point  of  the  fame  Diagonal ;  then 
we  need  but  divide  the  firft  Circular  Portion  into  ten  equal  Parts,  and  the  exact  Points  will 
be  had  thro  which  the  eleven  Concentrick  Circles  muft  pafs. 

The  Radius  of  this  firft  Portion  may  be  eafily  found ;  and  then  if  a  thin  Ruler  be  bent 
into  the  Curvature  thereof,  all  the  other  Portions  may  be  drawn  by  means  of  it,  as  we  have 
already  mentioned  in  fpeaking  of  the  Divifions  of  Quadrants,  Semicircles, &c. 

Note,  It  will  be  proper  to  leave,  at  the  Bottom  of  the  Limb,  the  Points  that  were  made 
for  drawing  every  10th  Minute  ;  for  thefe  will  be  a  means  to  take  the  Correfpondent  Alti- 
tudes of  the  Sun,  Morning  and  Evening,  much  exacter  than  can  be  done  by  the  Diagonals, 
becaufe  of  the  Estimation  thereby  avoided.  Moreover,  there  may  be  fome  fault  in  the  Dia- 
gonals which  there  cannot  be  in  the  Points,  if  care  be  taken  in  making  them  :  for  it  is  diffi- 
cult enough  to  draw  the  Diagonals  exactly  thro  thofe  Points  they  fhould  pafs.  For  which 
areafon,  it  a  Micrometer  be  joined  to  the  fixed  Telefcope  of  the  Inftrument,  the  Diagonals 
need  not  be  ufed,  and  theaforefaid  Points  will  be  fufficient,-  fince  the  Micrometer  will  give, 
by  means  of  a  moveable  Hair,  the  Interval  between  the  neareft  of  one  of  the  aforefaid 
Points,  at  every  10th  Minute,  and  the  Plummet.  And  this  is  done  by  railing  or  lowering 
the  moveable  Hair  above  or  below  the  horizontal  Hair,  10  Minutes  of  a  Degree,  or  a  lit- 
tle more.  The  Chevalier  de  Louville,  of  the  Academy  of  Sciences,  hath  fatisfactorily  ufed  a 
Quadrant  for  his  Obfervations,  constructed  in  this  manner. 

We  now  come  to  fpeak  of  Telefcopes,  and  the  Manner  of  finding  the  firft  Point  of  the 
Divifions  of  the  Limb  of  the  Quadrant. 

Thefe  Telefcopes  have  each  two  Glaffes,  one  of  which  is  the  Object-Glafs,  placed  towards 
the  vifible  Object,  and  near  to  the  Center  of  the  Quadrant;  and  the  other  is  the  Eye-Glafs, 
placed  at  the  other  end  of  the  Telefcope,  next  to  the  Eye  of  the  Obferver. 

The  Object-Glafs  is  firmly  fattened  in  an  Iron  Frame,  which  is  fix'd  with  Screws  about  the 
Center  of  the  Inftrument.  Near  the  Eye-Glafs  are  placed  two  fine  Hairs,  crofting  each 
other  at  Right  Angles,  in  an  Iron  Frame,  to  which  they  are  faftened  with  Wax  upon  a  little 
piece  of  Brafs  ;  fo  that  the  one  is  perpendicular  to  the  Plane  of  the  Inftrument,  and  the  other 
parallel  thereto. 

The  Eye-Glafs  muft  be  placed  in  a  Tube,  that  fo  it  may  be  moved  backwards  or  for- 
wards, according  to  different  Sights;  and  the  diftance  between  the  Object-Glafs  and  Crofs- 
hairs,  muft  be  the  faid  Glafs's  Focal  Length  ;  that  is,  the  Crofs-hairs  muft  be  placed  in  the 
Focus  of  the  Object-Glafs.  Thefe  Telefcopes  muft  be  fo  difpofed,  that  the  Surfaces  of  the 
Lenfes  (as  Planes)  and  the  Planes  in  which  are  the  Crofs-hairs,  be  parallel  to  each  other,  and 
perpendicular  to  Right  Lines  drawn  thro  the  Centers  of  the  Lenfes,  and  the  Points  wherein 
the  Hairs  crofs  each  other.  Thefe  Telefcopes  are  ad  jufted  behind  the  Quadrant,  that  fo  the 
divided  Brafs-Limb  may  not  be  incumbered  by  them. 

Between  the  Frames  fuftaining  the  Glaffes,  is  a  Brafs  or  Iron  Tube,  compofed  of  two 
Parts,  one  of  which  is  inchafed  in  the  other,  that  fo  they  may  eafily  be  taken  from  between 
the  Frames,  by  means  of  Ferrils  keeping  them  together. 

The  Convex  Eye-Lens  muft  be  brought  nearer,  or  removed  further  from  the  Crofs-hairs, 
according  to  the  diverfe  Constitutions  of  Obfervators  Eyes  ;  that  fo  diftant  Objects  may  be 
distinctly  perceived,  as  likewife  the  Crofs-hairs.  This  Eye-Glafs  is  placed  in  another  little 
moveable  Tube,  the  greateft  part  of  which  lies  concealed  in  another  Tube,  as  may  be  feen  in 
Fig.  7. 

When  the  Eye-Glafs  wants  cleanfing,  or  the  Crofs-hairs  are  broken  or  diforder'd,  and 
others  to  be  put  in  their  place,  the  beforementioned  Brafs  or  Iron  Tube  muft  be  taken  from 
between  the  Frames. 

But  the  Construction  of  the  Eye-Glafs  will  be  much  more  convenient,  if,  inftead  of  a  Frame  Fig.  7. 
only,  you  uie  a  little  fquare  Box,  about  four  Lines  in  thicknefs,  whofe  two  oppofite   Sides, 
which  are  parallel  to  the  Limb  of  the  Quadrant,  have  Grooves  along  them,  in  which  may 
move  a  little  Plate  of  a  mean  thicknefs,  drilled  thro  the  middle  with  a  round  hole  of  a  con- 
venient bignefs. 

Upon 
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Upon  the  Surface  of  this  Plate,  reprefented  by  the  Figure  a,  are  continued  out  two  Dia- 
meters of  the  aforefaid  hole,  crofting  each  other  at  Right  Angles,  one  of  which  is  parallel  to 
the  Limb,  and  the  other  perpendicular  thereto,  upon  which  are  placed  the  Crofs-hairs.  This 
Plate  is  very  ufeful  for  moving  the  (aid  Crofs-hairs,  {trained  at  Right  Angles  a-crofs  the 
middle  of  the  hole,  backwards  or  forwards,  according  to  neceflity.  And  when  the  Hairs  are 
placed  as  they  fhould  be,  the  aforefaid  Plate  is  fixed  to  the  Box  with  Wax,  which  ought  to  be 
furnifhed  with  a  Hiding  Cover,  for  keeping  the  Crofs-hairs  from  Accidents. 

The  infide  of  the  Tube  ought  to  be  blackened  with  the  Smoke  of  Rofin,  in  order  to 
preferve  the  Eye  from  too  ftrong  Rays  which  come  from  a  luminous  Object,  that  fo  the  ap- 
pearance thereof  may  be  more  perfect.  Note,  Inftead  of  having  Crofs-hairs  in  the  before- 
mentioned  Box,  a  little  piece  of  plain  Glafs  may  be  ufed,  having. two  fine  Lines  drawn  upon 
it  at  Right  Angles  With  the  Point  of  a  Diamond. 

The  Telefcopc  being  prepared  and  placed  in  a  convenient  Situation  parallel  to  the  Radius, 
or  fide  of  the  Quadrant  ;  the  next  thing  to  be  done,  is  to  find  the  firft  Point  of  the  Divifions 
of  the  Limb  of  the  Quadrant,  which  is  90  Degrees  diftant  from  the  Line  of  Collimation  or 
Sight  of  the  Telefcope,  or  a  Line  parallel  to  it,  palling  thro  the  Center  of  the  Quadrant. 
But,  Firft,  it  will  be  neceilary  to  fay  fomething  concerning  this  Line  of  Collimation,  or  Sight, 
about  which  M.  de  la  Hire  fays,  he  had  formerly  a  long  Controverfy,  with  very  celebrated 
and  great  Aftronomers,  who,  for  want  of  duly  confidering  Dioptricks,  maintained,  that  it  is 
impoflible  to  find  a  fettled  and  conftant  Line  of  Collimation  in  thefe  kind  of  Telefcopes. 

It  is  now  manifeft,  that  all  the  Rays  proceeding  from  any  one  Point  of  an  Object,  after 
having  pafied  thro  the  Glafs  Lens,  will  all  concur  in  one  and  the  fame  Point,  which  is  called 
the  Focus,  provided  that  the  Diftance  of  the  Radiating  Point  from  the  Lens  be  greater  than 
the  Semidiameter  of  either  of  the  Convexities  of  the  Lens,  which  here  we  fuppofe  equal  ; 
that  befides,  among  the  Rays  coming  from  a  Radiating  Point,  and  falling  upon  the  anterior 
Surface  of  the  Glafs,  that  which  concurs  with  a  Line  pafling  thro  the  Centers  of  the  Convex- 
ities, will  fufter  no  Refraction  at  its  going  in  or  coming  out  of  the  Glafs ;  therefore  the  Points 
of  Objects  that  are  in  that  Right  Line,  are  reprefented  in  the  fame  Line,  which  is  called  the 
Axis  of  the  Optick  Tube,  and  the  Point  of  the  Axis  which  is  in  the  middle  of  the  Glafs 's 
thicknefs,  is  called  the  Center  of  the  Lens. 

If  the  Right  Line  pafling  thro  the  Center  of  the  Lens,  and  the  Point  where  the  Hairs  crofs 
one  another,  agrees  with  the  Axis  of  the  faid  Optick  Tube,  it  will  be  the  Line  of  Collimation 
of  the  Telefcope;  and  an  Object  very  diftant,  placed  in  the  Axis  produced,  will  appear  in  the 
fame  Point  where  the  Hairs  crofs  one  another  :  juft  as  in  common  Indexes,  where  we  take 
for  the  Line  of  Sight,  the  Right  Line,  that  pafling  thro  the  flits  of  the  Sights,  tends  to  the 
Object.  But  altho  it  a'.moft  never  happens  in  the  Pofition  of  Telefcopes,  which  we  have 
eltablifiied,  that  the  Right  Line  tending  from  the  Object  to  the  Point  wherein  the  Hairs 
crofs,  and  whereat  the  Object  is  reprefented,  coincides  with  the  Optick  Axis  ;  neverthelefs 
we  fhall  not  defift  finding  that  Line  of  Collimation  tending  from  the  Object  to  its  Picture, 
reprefented  in  the  Point  wherein  the  Hairs  crofs  each  other ;  which  may  be  done  in  the 
following  manner. 
Fig.  8.  Let  X  V  be  a  G!afs  Lens,  its  Axis  A  C  B,  and  its  Center  C  ;  let  F  be  the  Point  wherein  the 

Hairs  crofs  one  another  without  the  Axis  A  C  B.  If  from  the  Point  F,  which  by  Construc- 
tion is  at  the  Focal  Diftance  from  the  Lens,  Rays  pafs  thro  the  Glafs,  they  will  fuffer  a  Re- 
fraction at  their  entrance  into  the  Glafs,  and  a  fecond  Refraction  at  their  going  out  thereof; 
after  which,  they  will  continue  their  way  parallel  to  one  another.  Now  there  is  one  of  thefe 
Rays,  namely,  F  E,  which  coming  from  the  Point  F,  after  the  firPc  Refraction  in  the  Point  E, 
paffes  thro  the  Center  C  ;  for  after  a  fecond  Retraction  at  its  going  out  of  the  Glafs  in  the 
Point  D,  it  will  continue  its  way  from  D  to  O,  parallel  to  F  E,  according  to  Dioptrick  Rules. 
But  all  the  Rays  feparated  at  their  going  out  of  the  Glafs  may  be  taken  as  parallel,  if  they 
tend  to  a  very  diftant  Point  O,  therefore  they  are  alfo  parallel  to  the  Ray  F  E  O,  which 
is  produced  from  the  Object  directly  to  the  Point  O  ;  and  it  is  this  Right  Line  F  E  O,  which 
we  call  the  Line  of  Collimation,  in  the  aforefaid  Pofition  of  Telefcopes,  and  it  will  always 
remain  the  fame,  if  the  Situation  of  the  Glafles  be  not  changed,  that  is,  if  the  Lens  and  the 
Crofs-hairs  are  in  the  fame  Pofition  and  Diftance.  The  Object  O  being  in  one  of  the  extreme 
Points  of   the  Right  Line  F  E  O,  will  be  reprefented  in  the  Point  F. 

Note,  The  Diftance  between  the  principal  Ray  O  D,  falling  from  the  Point  O  of  the 
Object  upon  the  Lens,  and  its  refracted  Ray  E  F,  is  always  letter  than  the  thicknefs  of  the 
faid  Lens  D  E,  which  isinfenfible,  and  of  no  importance,  in  the  Diftance  of  a  very  diftant 
Object,  and  the  Diftance  of  the  parallel  Rays  O  D,  O  E  F,  will  be  fo  much  the  left,  as  the 
Lens  is  more  directly  turned  towards  the  Pofition  of  -the  Crofs-hairs. 

We  come  now  to  fhew  how  to  find  the  firft  Point  of  the  Divifions  of  the  Limb  of  the 
Quadrant,  which  is  thus  :  Having  fixed  the  Plane  of  the  Quadrant  in  a  vertical  Pofition,  by 
means  of  the  Plumb-Line  C  D,  direct  the  Telefcope  towards  a  very  diftant  vifible  Point, 
nigh  to  the  Senfible  Horizon,  in  refpect  of  the  Place  where  the  Telefcope  of  the  Inftrumenc 
is  placed;  which  may  be  firft  known  by  marking  the  Point  B  upon  the  Limb,  in  the  Radius 
C  B,  parallel  to  the  Axis  of  the  Tube,  which  may  be  nearly  done  ;  and  by  taking  the  Poinc 
D,  diftant  from  the  Point  B  00  Degrees :  for  when  the  Plumb-Line  falls  upon  the  Point  D, 

the 
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the  Object  appearing  in  the  Point  wherein  the  Hairs  crofs  one  another,  will  be  nigh  to  the 
Horizon  ;  for  the  Senfible  Horizon  mull  be  at  Right  Angles  with  the  Plumb-Line  C  D.  But 
fince  we  are  not  yet  certain  whether  the  Telefcope  be  perfectly  Horizontal,  the  Inftrument 
muft  be  turned  upfide  down,  fo  that  the  Point  D  may  be  above,  and  the  Center  below; 
but  it  is  necelTary  in  this  Tranfpofition,  that  the  Line  of  Collimation  be  at  the  fame  height  as 
it  was  in  the  firft  Polition.  Having  again  directed  the  Telefcope  towards  the  Point  firft  ob 
ferved,  fo  that  it  may  appear  in  the  Point  wherein  the  Hairs  crofs,  and  having  adjufted  the 
Cylinder  in  the  Center  of  the  Inftrument,  fallen  the  Plumb-Line  with  Wax  upon  the  Limb 
in  the  Point  D  ;  and  if  it  exactly  falls  upon  the  Center  C,  it  is  certain  that  the  Line  of  Colli- 
mation  is  horizontal.  For  this  Line  of  Collimation  will  remain  the  fame  in  both  Situations  of 
the  Quadrant,  and  produced  with  the  Vertical  Line  CD,  the  Point  D  will  be  the  beginning 
of  the  Divisions  of  the  Limb. 

But  if,  after  having  turned  the  Inftrument  upfide  down,  the   Plumb-Line,  fufpended  at 

the  Point  D,  does  not  precifely  fall  upon  the  Center  C,  you  muft  move  it  till  it   does  pafs 

thro  it,  not  any  wife  changing  the  Poiition  of  the  Quadrant,  nor  the  GlaiTes  of  the  Telefcope  ; 

and  then  the  Point  E,  upon  which  the  Plumb-Line  falls,  muft  be  marked  in  the  circular  Arc 

D  E,  defcribed  about  the  Center  C,  palling  thro  the  Point  D. 

Now,  I  fay,  if  the  Arc  D  E  be  bifected  in  the  Point  O,  this  Point  will  be  the  firft  Point 
of  the  Divifions  of  the  Limb,  and  the  Radius  CO  will  be  at  Right  Angles  with  the  Line  of 
Collimation.  This  Operation  is  very  manifeft,  for  the  Line  of  Collimation,  or  the  Radius  C  B, 
parallel  to  it,  will  not  be  changed  in  either  of  the  Pofitions  of  the  Quadrant,  if  the  Angle 
BCD,  in  the  natural  Situation  of  the  Inftrument,  be  greater  than  a  Right  Angle  ;  that  is, 
if  the  Point  of  an  Object  the  Telefcope  is  directed  to,  be  under  the  Horizon,  it  is  manifeft 
that  the  Vertical  Line  C  D  produced,  anfwering  to  the  Plumb-Line,  makes  with  the  Line  of 
Collimation  an  Angle  lefs  than  a  right  one,  viz,,  the  Complement  of  the  Angle  BCD,  which 
is  equal  to  the  Angle  BCE;  therefore  the  Angle  B  C  O,  which  is  a  Mean  between  that 
which  is  greater  than  a  right  one,  and  that  lefler,  made  by  the  Radius  C  O,  and  the  Line  of 
Collimation,  will  be  a  right  Angle  ;  which  was  to  be  proved. 

We  may  yet  otherwife  have  the  firft  Point  of  the  Divifions  of  the  Limb,  by  knowing  a 
Point  perfectly  level  with  the  Eye  ;  then  placing  the  Telefcope  in  that  Point,  and  that  place 
of  the  Limb  upon  which  the  Plumb-Line  plays,  will  give  the  firft  Point  of  Divifion. 

The  Proof  of  this  Operation  is  juftified,  if  (the  Plumb-Line  palling  thro  the  Point  O) 
a  very  diftant  Object  appears  in  the  Point  wherein  the  Hairs  crofs  one  another.  For  having- 
inverted  the  Inftrument,  and  the  Telefcope  being  always  dire£ted  towards  the  fame  Object, 
the  Plumb-Line  will  pafs  thro  the  Points  O  and  C,  otherwife  there  will  be  fome  Error  in  the 
Obfervations. 

Being  well  allured  of  the  firft  Point  of  the  Divifions  of  the  Limb,  you  muft  draw  about 
the  Center  C  two  Portions  of  Circles,  an  Inch  diftance  from  each  other,  between  which  the 
Divifions  of  the  Limb  are  to  be  included ;  to  do  which,  you  muft  ufe  a  Beam-Compafs, 
whofe  Points  are  very  fine,  one  of  which,  next  to  the  end,  moves  backwards  or  forwards, 
by  help  of  a  Screw  and  Nut,  which  is  adjufted  to  the  end  of  the  Branch  of  the 
Com  pafs. 

Then  one  of  the  Points  of  the  Compafs  being  placed  in  O,  the  firft  Point  of  the  Divifions 
of  the  Limb,  and  the  other  being  diftant  therefrom  the  length  of  the  Radius  of  one  of  the 
faid  Concentrick  Arcs,  make  a  Mark  upon  the  correfpondent  Concentrick  Arc,  which  ex- 
actly divide  into  two  equal  parts,  one  of  which  being  laid  off  beyond  the  Mark,  will  give 
the  Point  B  ;  and  fo  the  Quadrant  O  B  will  be  divided  into  three  equal  Parts,  each  being 
3  o  Degrees. 

Thefe  Parts  being  each  divided  into  three  more,  and  each  of  thefe  laft  into  two  ;  and,' 
finally,  each  of  the  Parts  arifing  into  five  more  equal  ones ;  the  Quadrant  will  be  divided 
into  90  Degrees,  each  of  which  being  again  divided  into  fix  equal  Parts,  every  10th 
Minute  will  be  had.  # 

The  outward  and  inward  Concentrick  Arcs  of  the  Limb  being  very  exa&Iy  divided,  as 
we  have  directed,  very  fine  Lines  muft  diagonally  be  drawn  thereon  ;  that  is,  from  the  firft 
Point  of  Divifion  of  the  inward  Arc,  to  the  fecond  Point  of  Divifion  of  the  outward  Arc  ; 
and  fo  on  from  one  Divifion  in  the  inward  Arc  to  the  next  enfuing  Divifion  of  the  outward 
Arc,  as  appears  in  Fig.  6.  This  being  done,  the  diftance  between  the  outward  and  inward 
Arcs  muft  be  divided  into  10  equal  Parts,  thro  each  Point  of  Divifion  of  which,  muft 
nine  Concentrick  Arcs  be  drawn  about  the  Center  of  the  Quadrant  C,  which  will  divide 
the  Diagonals  into  ten  Parts  ;  and  fo  the  Limb  of  the  Inftrument  will  be  divided  into  De- 
grees and  Minutes.  Great  care  ought  to  be  taken,  that  fo  the  Divifions  may  be  very  exactly 
drawn  equal ;  and  that  they  may  be  as  exact  as  poflible,  very  good  and  fine  Compares  exqui- 
fitely  to  draw  the  Lines  and  Circles  muft  be  ufed  \  and  in  making  the  feveral  Divifions,  we  ufe 
fine  Spring  Compafles,  whofe  Points  are  as  fine  as  a  Needle,  and  a  good  dividing  Knife.  Note, 
The  Divifions  of  the  Limb  of  the  Quadrant  for  certain  Ufes,  are  continued  about  5  De- 
grees beyond  the  Point  O. 

R  £  After 
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After  this  Inftrument  hath  been  carried  Jin  a  Coach  or  on  H  ^rfeback,  &c.  care  ought  to 
be  taken  to  prove  it,  for  tear  left  the  Glaffes  of  the  Telefcope  fhould  have  been  diforder'd,  or 
the  Crofs-hairs  removed,  which  often  happens.  Likewife  when  the  Tube  of  the  Telefcope, 
if  the  Inftrument  be  not  convey 'd  as  aforefaid,  is  expofed  to  the  Heat  of  the  Sun,  the  Crofs- 
hairs  are  too  much  ftretched,  and  afterwards  when  the  Sun  is  abfent,  they  relax  and  become 
flack,  and  fo  are  not  very  fit  to  be  ufed:  yet  neverthelefs,  if  you  think  the  Crofs-hairs  have  not 
been  moved,  there  is  no  neceffity  of  proving  the  Telefcope,  becaufe  the  Object-Glafs  re- 
mains immoveable,  and  always  the  fame  ;  and  the  Crofs-hairs,  which  by  the  moifture  of  the 
Air  are  flacken'd,  will  often  become  tight  again  in  fine  Weather. 

NO  T Ey  If  a  Telefcope  be  placed  to  an  Inftrument  already  divided,  it  is  very  difficult 
to  make  it  agree  with  the  Divisions  of  the  Limb  ;  therefore  having  proved  it,  according  to 
the  Directions  before  given,  we  fhall  find  how  much  greater  or  leiler  than  a  Right  Angle  the 
Telefcope  makes,  with  a  Radius  palling  thro  the  firft  Point  of  the  Di virions  of  the  Limb, 
and  this  Difference  muft  be  regarded  in  all  Obfervations  made  with  thelnftrument :  For  if  the 
Angle  be  greater  than  a  Right  one,  all  Altitudes  obferved  will  be  greater  than  the  true  ones 
by  the  quantity  of  the  laid  Difference  ;  and  contrariwife,  if  the  aforenamed  Angle  be  leffer 
than  a  Right  Angle,  the  true  Altitudes  will  be  greater  than  the  obferved  ones.  Notwith- 
standing this,  the  Crofs-hairs  may  be  fo  placed,  that  the  Line  of  Collimation  of  the  Telefcope 
may  make  a  Right  Angle  with  the  Radius  palling  thro  the  firft  Point  of  Divifion  of  the 
Quadrant,  in  applying  the  Crofs-hairs  on  a  moveable  Plate,  as  we  have  mentioned  in  the 
Conftruction.  But  becaufe  in  conveying  this  Inftrument  to  cliftant  piaces,  the  Proof  thereof 
muft  be  often  made ;  and  fince  the  Method  already  laid  down  is  fubject  to  great  Inconve- 
niencies,  as  well  on  account  of  the  difficulty  of  inverting  the  Inftrument,  fo  that  the  Tube  of 
the  Telefcope  may  be  at  the  fame  height,  as  becaufe  of  the  different  Refractions  of  the  At- 
mofphere  near  the  Horizon,  at  different  Hours  of  the  Day  ;  as  likewife  becaufe  of  the  Agita- 
tion and  Undulation  of  the  Air,  and  other  the  like  Obttacles  :  Therefore  we  fhall  here  fhew 
two  other  ways  of  rectifying  thefe  Inftruments,  that  foany  one  may  chufe  that  which  appears 
mod  convenient  for  him. 

Now  the  firft  of  thefe  Methods  is  this  :  You  muft  chufe  fome  Place  from  whence  a  diftant 
Object  may  be  perceived  diftinctly,  at  leaft  iooo  Toifes,  and  wnofe  Elevation  above  the 
Horizon  does  not  exceed  the  Number  of  Degrees  of  the  Limb  of  the  Quadrant  continued, 
out  beyond  the  beginning  of  the  Divifions.  Now  after  you  have  obferved  tta  Altitude  of 
the  laid  Object,  as  it  appears  by  the  Degrees  of  the  Limb,  a  Pail  brim-fulBof  Water,  or 
fome  brcad-mouth'd  Velfel,  muft  be  placed  before,  and  as  nigh  to  the  Quadrant  as  poffible, 
which  muft  be  raifed  or  lower'd  until  the  faid  Object  be  perceived  thro  the  Telefcope  upon 
the  Surface  of  the  Water,  as  in  a  Looking-Glafs;  which  will  not  be  difficult  to  do ;  provided 
the  Surface  of  the  Water  be  not  difturbed  by  the  Wind  ;  whence  the  Depreflion  of  the  faid 
Objeft  will  be  had  in  Degrees  by  Reflexion,  and  it  will  appear  in  an  erect  Situation,  becaufe 
the  Telefcope  is  compofed  of  two  Convex  GlalTes,  vhich  reprefent  Objects  inverted.  But 
by  Reflexion  inverted  Objects  appear  erect,  and  erect  Obje&s  inverted. 

But  you  ought  to  obferve,  that  when  the  Angle  made  by  the  Line  of  Collimation,  and  the 
Radius  palling  thro  the  firft  Point  of  the  Divifions  of  the  Limb,  is  greater  than  a  right  one, 
the  Depreflion  of  the  aforefaid  Object,  will  appear  as  an  Altitude  j  that  is,  when  you  look 
thro  the  Telefcope  at  the  Image  of  the  Object  in  the  Surface  of  the  Water,  the  Plumb-Line 
of  the  Quadrant  will  fall  on  the  left  Side  of  the  firft  Point  O  of  the  Divifions  of  the  Limb 
and  not  on  the  Divifions  continued  out  beyond  the  Point  O.  And  contrariwife,  in  other 
Cafes,  when  the  Angle  the  Line  of  Collimation  makes  with  the  Radiu  paffing  thro  the  firft 
Point  of  the  Divifions  of  the  Limb,  is  leffer  than  a  right  one,  the  Altitude  of  the  Object 
will  appear  by  the  Divifions  of  the  Limb,  asthoit  was  depreffed  ;  that  is,  when  you  look 
at  the  aforefaid  Object  thro  the  Telefcope,  the  Plumb-Line  of  the  Quadrant  will  fail  upon 
the  Divifions  of  the  Limb  continued  out  beyond  the  Point  O.  But  in  all  Cafes,  without 
regarding  the  Degrees  of  Altitude  or  Depreflion,  denoted  by  the  Plumb-Line,  when  the 
Object  and  its  Image,  in  the  Surface  of  the  Water,  is  efpied  thro  the  Telefcope,  the  exact 
middle  Point  between  the  two  places  whereon  the  Plumb-Line  falls  at  both  Obfervations  on 
the  Limb,  is  vertical,  and  anfwers  to  the  Zenith  with  refpect  to  the  Line  of  Collimation  of 
the  Telefcope. 

Now  having  found  the  Error  of  the  Inftrument,  that  is,  the  difference  between  the  firft 
Point  of  the  Divifions  of  the  Limb,  and  the  faid  middle  Point  anfwering  to  the  Zenith,  you 
muft  try  to  place  the  Crofs-hairs  in  their  true  Pofition,  if  you  can  conveniently ;  but  if  not, 
regard  muft  be  had  to  the  Error  in  all  Obfervations,  whether  of  Elevation,  or  Depreflion. 

But  note,  if  the  Object  be  near,  and  elevated  fome  Minutes  above  the  Horizon,  the  true 
Error  of  the  Inftrument  may  be  found  in  the  following  manner. 

We  have  three  things  given  in  a  Triangle,  one  of  which  is  the  known  Diftance  between  the 
Place  of  Obfervation  and  the  Object ;  the  other  the  Diftance  between  the  middle  of  the  Te- 
lefcope, and  the  Point  of  the  Surface  of  the  Water,  upon  which  a  reflected  Ray  falls  ;  and 
the  laft,  the  Angle  included  between  thofe  two  Sides  ;  that  is,  the  Arc  of  the  Limb  contained 
between  the  two  places  of  the  Limb  upon  which  the  Plumb-Line  falls  in,  obferving,  as  afore- 
faid, the  Object  and  its  Image  on  the  Surface  of  the  Water  thro   the  Telefcope  :  I  fay,  we 

have 
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have  the  laid  two  Sides  and  included  Angle  given,  to  find  the  Angle  oppofite  to  the  leffer 
Side.  This  being  done,  it"  the  Arc  of  the  Limb  included  between  the  two  places  whereon 
the  Plumb-Line  tails,  in  obferving,  as  aforefaid,  be  diminifhed,  on  the  Side  of  the  Limb  pro- 
duced, by  the  Quantity  of  the  Angle  found,  the  middle  of  the  remaining  Arc  will  be  the 
true  vertical  Point.  Note,  To  find  the  Diftance  between  the  middle  of  the  Tube  of  the 
Telefcope,  and  the  Point  of  the  Surface  of  the  Water  upon  which  the  reflected  Rays  fall, 
you  may  ufe  a  Rod  or  Thread  prolonged  from  the  faid  Tube  to  the  Surface  of  the 
Water. 

The  other  way  (which  is  very  fimple,  but  yet  not  eafy)  of  proving  whether  the  Line 
of  Collimation  of  the  fixed  Telefcope  be  right,  is  thus  :  We  fuppofe  in  this  Method,  that 
the  Limb  of  the  Quadrant  is  continued  out,  and  divided  into  fome  few  Degrees  beyond  90. 
Now  in  fome  ferene  ft  ill  Night,  we  take  the  Meridian  Altitude  of  fome  Star  near  the  Ze- 
nith, having  firft  turned  the  divided  Face  of  the  Limb  of  the  Quadrant  towards  the  Eaft. 
This  being  done,  within  a  Night  or  two  after,  we  again  obferve'  the  Altitude  of  the  fame 
Star,  the  divided  Face  of  the  Limb  being  Weftward.  Then  the  middle  of  the  Arc  of  the 
Limb  between  the  Altitudes  at  each  Observation,  will  be  the  Point  of  90  Deg.  that  is,  a 
Point  thro  which  a  Radius  of  the  Quadrant  partes,  parallel  to  the  Line  of  Collimation  of  the 
Telefcope.  Note,  This  Method  is  very  ufeful  for  proving  the  Pofition  of  Telefcopes,  which 
are  ad jufted  not  only  to  Quadrants,  but  principally  to  Sextants,  Octants,  &c.  for  by  means 
thereof  may  be  found  which  of  the  Radii  of  the  feveral  Inftruments  are  parallel  to  the  Lines 
of  Collimation  of  the  Telefcope. 

We  fhall  hereafter  fiiew  the  Manner  of  taking  the  Altitudes  of  Celeftial   Bodies  ;  as  like- 
wife  how  to  obferve  them  thro  Telefcopes. 

Of  the  Index,  or  moveable  Arm  of  the  Quadrant. 

I  fhall  conclude  this  Chapter  in  faying  fomething  concerning  the  Conftru&ion  and  Ufe  ofFig.  9. 
this  Index,  which  is  no  more  than  a  moveable  Alidade,  with  a  Telefcope  adjufted  thereto, 
which  produces  the  fame  effect  as  the  Alidades  of  other  Inftruments  do;  that  is,  to  make 
any  Angle  at  pleafure  with  the  Telefcope  fixed  to  the  Quadrant.  The  principal  part  of 
this  Index  is  an  Iron  or  Brafs  Ruler,  drill' d  at  one  end,  and  is  fo  adjufted  to  the  Central 
Cylinder,  of  which  we  have  already  fpoken,  that  it  has  a  circular  Motion  only. 

Upon  this  Ruler  arc  fattened  two  Iron  or  Brafs  Frames,  in  one  of  which,  viz,,  that  which 
is  next  to  the  Center  of  the  Inftrument,  the  Objeft-Glafs  is  placed  ;  and  in  the  other,  the 
Eye-Glafs  and  Crofs-hairs,  which  together  make  up  a  Telefcope,  alike  in  every  thing  to 
the  other  fixed  Telefcope  of  the  Quadrant. 

At  the  end  of  the  Index  joining  to  the  Limb,  is  a  little  Opening  about  the  bignefs  of  a 
Degree  of  the  Limb,  thro  the  middle  of  which  is  drained  a  Hair,  which  is  continued  to 
the  Center  of  the  Quadrant.  But  becaufe  in  ufing  the  Index  the  faid  Hair  is  fubject  to 
divers  Inconftancies  of  the  Air,  it  is  better  to  ufe  a  thin  piece  of  clear  Horn,  or  a  flat  Glafs, 
adjufted  to  the  aforefaid  little  Opening  in  a  Frame,  having  a  Right  Line  drawn  upon  that 
Surface  thereof  next  to  the  Limb,  fo  that  it  tends  to  the  Center  of  the  Inftrument.  Note, 
The  Frame  is  faftened  in  the  little  Opening  by  means  of  Screws. 

Now  the  Index  being  faftened  to  the  Center  before  it  is  ufed,  the  Telefcope  muft  be  pro- 
ved, that  fo  it  may  be  known  whether  the  fixed  Telefcope  agrees  therewith.  To  do  which, 
having  placed  the  Plane,  of  the  Inftrument  horizontally,  and  directed  the  fixed  Telefcope  to 
fome  Point  of  a  vifible  Object,  diftant  at  leaft  500  Toifes;  afterwards  the  moveable  Tele- 
fcope muft  be  pointed  to  the  fame  Object,  that  fo  one  of  the  Crofs-hairs,  viz,,  that  which  is 
perpendicular  to  the  Plane  of  the  Quadrant,  may  appear  upon  the  aforefaid  Point  of  the 
Object  :  for  it  matters  not  whether  the  Interferon  of  the  Hairs  appear  thereon,  or  the 
perpendicular  Hair  only.  Then,  if  the  Line  drawn  upon  the  Horn  or  Glafs  on  the  Index 
falls  upon  the  90th  Degree  of  the  Limb  of  the  Quadrant,  the  Telefcopes  agree  :  if  not, 
either  the  Horn  or  Glafs  muft  be  removed  till  the  Line  drawn  thereon  falls  upon  the  90th 
Degree  of  the  Divifions  of  the  Limb,  and  then  it  muft  be  faftened  to  the  Index  ;  or  elfe  re- 
gard muft  be  had,  in  all  Obfervations,  to  the  difference  between  the  firft  Point  of  the  Divi- 
fions of  the  Limb,  and  the  Line  drawn  upon  the  faid  piece  of  Horn  or  Glafs. 
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CHAP.    II. 
Of  the  Conftruttion  and  Vfe  of  the  Micrometer. 

THE  Micrometer  is  an  Inftrument  of  great  Ufe  in  Aftronomy,  and  principally  in  meafuring  the  Fig.  9. 
apparent  Diameters  of  the  Planets,  and  taking  fmall  Diftances  not  exceeding  a  Degree, 
or  Degree  and  a  half.     This  Inftrument  is  compofed  of  two  rectangular  Brafs  Frames,  one 
of  which,  viz,.  A  BC  D,  is  commonly  2~  Inches  long,  and   17  broad,  having  the  Sides 

A  B 
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A  B  and  C  D,  divided  into  equal  Parts,  about  four  Lines  diftant  from  each  other,  (for  this 
is  according  to  the  Turns  of  the  Screw,  as  fhall  be  hereafter  explain 'd)  but  in  ftch  manner, 
that  the  Lines  drawn  thro  each  Divifion  be  perpendicular  to  the  Sides  A  B  and  C  D,  and 
having  human  Hairs  ftrain'd  from  Divifion  to  Divifion,  fattened  with  Wax  to  the 
places   2,  2,  &c. 

The  other  Frame  EFGH,  whofe  Length  E  F  is  one  Inch  and  a  half,  is  fo  adjufted  to 
the  former  Frame,  that  the  Sides  E  F  and  G  H  of  the  one,  may  move  along  the  Sides  A  B 
and  C  D  of  the  other,  without  being  feparated  therefrom ;  which  is  done  by  means  of 
Dove-tail  Grooves.  The  Face  of  this  fecond  Frame  next  to  the  divided  Face  of  the  former 
is  likewife  furnifh'd  with  a  Hair,  flrain'd  at  the  place  4;  fb  that  when  the  Frame  is  moving 
the  faid  Hair  may  be  always  parallel  to  the  Hairs  on  the  other  Frame.  The  Screw  1^ 
whofe  Cylinder  is  about  four  or  five  Lines  in  Diameter,  goes  thro,  and  turns  in  the  Side 
B  D  of  one  of  the  Frames,  which  for  this  purpofe  is  made  thicker  than  the  other  Sides. 
The  end  of  this  Screw  is  cut  fo  as  to  go  thorow  a  round  hole  made  in  the  Side  F  H  of  the 
lefler  Frame,  which  for  this  purpofe  is  likewife  made  thicker  than  the  other  Sides  ;  there  is 
alfo  a  little  Pin  K  put  thro  a  hole  made  in  the  end  of  the  Screw,  that  fo  the  lefler  Frame  can 
no  ways  move,  but  in  turning  the  Screw  to  the  right  or  left,  according  as  you  would  have 
the  Frame  move  forwards  or  backwards.  M  N  is  a  circular  Plate  about  an  Inch  in  Dia- 
meter, fattened  with  two  Screws  to  the  Side  B  D  of  the  Frame.  This  Plate  is  commonly 
divided  into  20  or  60  equal  Parts,  which  ferve  to  reckon  the  Revolutions  and  Parts  of  the 
Screw,  by  means  of  the  Index  M,  which  is  adjufted  under  the  Neck  of  the  faid  Screw,  and 
turns  with  it.  Now  the  Divilions  of  the  Sides  of  the  Frame  A  B  C  D,  are  made  according 
to  the  Breadth  of  the  Threads  of  the  Screw  ;  for  if,  for  example,  the  Divifions  are  defired 
to  be  10  Turns  of  the  Screw  diftant  from  each  other,  turn  the  faid  Screw  ten  times  about 
and  note  how  far  the  Frame  hath  moved  :  if  it  has  moved  four  Lines,  the  Divifions  mutt  be 
four  Lines  diftant  from  each  other ;  and  fo  of  others. 

Now  becaufe  Hairs  are  fubject  to  divers  Accidents  by  Heat,  and  otherwife,  therefore  MJe 
la  Hire  propofes  a  very  thin  and  fmooth  piece  of  Glafs  to  be  ufed  inftead  of  them,  adjufted 
in  Grooves  made  in  the  Sides  of  the  Frame,  and  having  very  fine  parallel  Lines  drawn  there- 
on, which  produce  the  fame  effect  as  the  parallel  Hairs.  All  the  difficulty  confifts  in  chufing 
a  very  fine  and  well  polifhed  Piece  of  Glafs,  and  drawing  the  Lines  extremely  nice  ;  for  the 
Defaults  will  grofly  appear,  when  the  faid  Lines  are  perceived  in  a  Telefcope. 

Note,  Thefe  Lines  mull:  be  very   lightly   drawn  upon  the  Glafs  with  a  fmall  Diamond 
whofe  Point  is  very  fine. 

This  Inftrument  is  joined  to  a  Telefcope,  by  means  of  the  prominent  Pieces  L,  L,  which 
Aide  in  a  kind  of  parallelogramick  Tin-Box,  at  the  two  Sides  of  which  are  two  Circular 
Openings,  wherein  are  folder'd  two  fhort  Tubes  ;  that  on  one  Side  being  to  receive  theTube 
carrying  the  Eye-Glafs ;  and  that  on  the  other  Side,  the  Tube  carrying  the  Object-Glafs, 
fo  that  the  Micrometer  may  be  in  the  Focus  of  the  faid  Object-Glafs. 

Ufe  of  the  Micrometer. 

In  order  to  ufe  this  Inftrument,  a  lively  Reprefentation  of  Objects  appearing  thro  the 
Telefcope  muft  be  made  in  the  Point  whereat  the  parallel  Hairs  are  placed  ;  therefore  if 
the  Object-Glafs  be  placed  at  its  Focal  Diftance  from  the  Micrometer,  more  or  lefs,  accord- 
ing to  the  Nature  and  Constitution  of  the  Eyes  of  the  Obfervator,  the  Objects  and  the 
parallel  Hairs  will  appear  distinctly  in  the  faid  Focus. 

If  then  the  Focal  Length  of  the  Object-Glafs  be  meafured  in  Lines  or  12th  Parts  of 
Inches,  or,  which  is  all  one,  the  Diftance  from  the  Center  of  the  Object-Glafs  to  the  paral- 
lel Hairs  of  the  Micrometer,  be  meafured,  this  Diftance  is  to  the  Length  of  four  Lines 
which  is  the  Interval  between  two  fixed  parallel  Hairs  nigheft  each  other,  as  Radius  is  to  the 
Tangent  of  the  Angle,  fubtended  by  the  two  neareft  parallel  Hairs.  This  is  evident  from 
Dioptricks  :  for  the  Diftance  between  the  Obje<5t  and  the  Obfervator's  Eye,  is  fuppofedto 
be  fo  great,  that  the  Focal  Length  of  the  Object-Glafs,  compared  therewith,  is  of  no  con- 
fequence  ;  fo  that  the  Rays  proceeding  from  the  Points  of  the  Object  directly  pafs  thro  the 
Center  of  the  ObjecVGlafs  in  the  fame  manner,  as  tho  the  Obfervator's  Eye  was  placed  in 
the  faid  Object-Glafs.     This  may  be  fhewn  by  Experience  thus  : 

Draw  two  black  Lines  parallel  upon  a  very  fmooth  and  white  Board,  whofe  Interval  let 
be  fuch,  that  at  the  Diftance  of  200  or  300  Toifes,  they  may  be  met  with  or  embraced  by 
two  parallel  Flairs  of  the  Micrometer.  This  being  done,  remove  the  Table  in  a  convenient 
place  (there  being  no  Wind  ftirring)  fo  far  from  the  Telefcpoe,  until  the  Lines  drawn  there- 
on, which  muft  be  perpendicular  to  a  Right  Line  drawn  from  the  Table  to  the  Micrometer, 
be  catched  by  two  fixed  parallel  Threads  of  the  Micrometer  j  and  then  the  Diftance  be- 
tween the  Table  and  the  Object-Glafs  will  have  the  fame  proportion  to  the  Diftance  be- 
tween the  Lines  on  the  Table,  as  Radius  is  to  the  Tangent  of  the  Angle  fubtended  by  two 
Hairs  of  the  Micrometer. 

Now  move  the  Frame  EFGH,  by  means  of  the  Screw,  till  its  Hair  exactly  agrees  with 
one  of  the  parallel  Hairs  of  the  other  Frame  ;  and  when  this  is  done,  obferve  the  Situation 
of  the  Index  of  the  Screw  i  then  turn  the  Screw  until  the  faid  Hair  of  the  Frame  EFGH 

agrees 
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agrees  with  the  next  nearefl  fixed  Hair  of  the  other  Frame ;  or,  which  is  the  fame  thin^, 
move  the  Frame  E  F  G  H  the  Length  of  four  Lines,  or  one  third  of  an  Inch,  which  may 
be  eafily  known  by  means  of  the  Objed-Glafs,  which  magnifies  Obje6ts,  and  count  the 
Revolutions  and  Parts  of  the  Screw,  compleated  in  moving  the  laid  Frame  that  Length. 
Finally,  make  a  Table,  fhewing  how  many  Revolutions,  and  parts  of  a  Revolution  of  the 
faid  Screw,  are  anfwerable  to  every  Minute  and  Second,  by  having  the  Angle  fubtended  by 
the  two  black  Lines  on  the  Board  given,  and  taking  the  Revolutions  proportional  to  the 
Angles;  that  is,  if  a  certain  Number  of  Revolutions  give  a  certain  Angle,  half  this 
Number  will  give  half  the  Angle,  &c.  And  this  Proportion  is  exact  enough  in  thefe  fmall 
Angles. 

Now  the  manner  of  taking  the  apparent  Diameters  of  the  Planets,  is  thus  :  Having  di- 
rected the  Telefcope,  and  its  Micrometer,  towards  a  Planet,  difpofe  the  Hairs,  by  the  Mo- 
tion of  the  Telefcope,  in  fuch  a  manner,  that  one  of  the  fixed  parallel  Hairs  do  juft  touch 
one  edge  of  the  Pianet,  and  turn  the  Screw  till  the  moveable  Hair  juft  touches  the  oppcfite 
edge  of  the  faid  Planet.  Then,  by  means  of  the  Table,  you  will  know  how  many  Minutes 
or  Seconds  correfpond  to  the  Number  of  Revolutions  or  Parts,  reckoning  from  the  Point  of 
the  Plate  over  which  the  Index  flood  when  the  fixed  Hair  touched  one  edge  of  the  Planet, 
to  the  Point  it  (lands  over  when  the  moveable  Hair  touches  the  oppohie  edge  ;  and  confe- 
quently,  the  apparent  Diameter  of  the  faid  Planet  will  be  had.  And  in  this  manner  may 
fmall  Angles  on  Earth  be  taken,  which  may  be  ealier  done  than  thofe  of  the  Celeflial  Bodies, 
becaufe  of  their  Immobility. 

This  Method  is  convenient  enough  for  meafuring  the  apparent  Diameters  of  the  Planets, 
if  the  Body  of  any  one  of  them  moves  between  the  parallel  Hairs.  Yet  it  ought  to  be  ob- 
ferved,  that  the  Sun  and  Moon's  Diameters  appear  very  unequal  upon  the  account  of  Re- 
fraction ;  for  in  fmall  Elevations  above  the  Horizon,  by  the  fpace  of  30  Minutes,  the  verti- 
cal Diameters  appear  fomething  leffer  than  they  really  are  in  the  Horizon,  and  the  hori- 
zontal Diameters  cannot  be  found,  unlefs  with  much  trouble,  and  feveral  repeated  Obferva- 
tions ;  as  likewife  the  Diflance  between  two  Stars,  or  the  Horns  of  the  Moon,  becaufe  of 
their  Diurnal  Motions,  which  appear  thro  the  Telefcope  very  fwift. 

If  two  Stars  of  different  Akitudes  pafs  by  the  Meridian  at  different  times,  the  Difference 
of  their  Altitudes  will  be  the  Difference  of  their  Diflances  from  the  Equator  towards  either 
of  the  Poles,  which  is  called  their  Difference  of  Declination ;  and  by  their  Difference  of  Time 
in  coming  to  the  Meridian,  the  Difference  of  their  Diflance  from  a  determinate  Point  of 
the  Equator,  that  is,  the  firfl  Degree  of  Aries  will  be  had;  and  this  is  their  Difference  of 
Right  Afcenfion. 

If  the  two  Stars  are  diftant  from  each  other,  we  have  time  enough,  in  the  Interval  of 
their  Paflage  by  the  Meridian  and  Micrometer,  to  finifh  the  Operations  regarding  the  firfl, 
before  proceeding  to  thofe  of  the  fecond  ;  but  if  they  be  very  near  each  other,  it  is  extreme- 
ly difficult  to  make  both  the  Obfervations  at  the  fame  time,  that  fo  the  two  Stars  may  be 
precifely  catched  in  the  Meridian.  But  M.  de  la  Hire  fhews  how  to  remedy  this  Inconve- 
niency,  by  only  ufing  the  common  Micrometer :  for  the  Obfervation  of  the  PafTage  of 
Stars  between,  or  upon  the  Hairs  of  the  Micrometer,  will  give,  by  eafy  Confequences, 
their  Difference  of  Right  Afcenfion  and  Declination,  without  even  fuppofing  a  Meridian 
known  or  drawn. 

But  if  the  Difference  of  Declination  and  Right  Afcenfion  of  two  Stars  that  cannot  be 
taken  in  between  the  Hairs  of  the  Micrometer  be  required,  this  may  be  found    in  the   fol- 


lowing manner 


We  adjuft  a  Crofs-hair  to  the  Micrometer,  cutting  the  parallel  ones  at  Right  Angles,  Fig.  10. 
which  we  fallen  with  Wax  to  the  middle  of  the  Sides  A  C  and  B  D.  Then  the  Tele- 
fcope, and  its  Micrometer,  being  fixed  in  a  convenient  Pofition,  fo  that  the  Stars  may  fuccef- 
fively  pafs  by  the  parallel  Hairs,  as  the  Stars  A  and  S,  in  Figure  10  ;  we  obferve,  by  a  fe- 
cond Pendulum  Clock,  the  time  wherein  the  firfl  Star  A  touches  the  Point  in  which  the 
aforementioned  Crofs-hair  A  S  croffes  fome  one  of  the  parallel  Hairs,  as  A  d.  The  Micro- 
meter being  difpofed  for  this  Obfervation,  which  is  not  difficult  to  do,  reckon  the  Seconds 
of  time  elapfed  between  the  Obfervations  made  in  the  Point  A,  and  the  arrival  of  the  faid 
Star  to  the  Point  &,  being  the  concourfe  of  another  parallel  Hair  B  D.  We  likewife  obferve 
the  Time  wherein  the  other  Star  S  meets  the  Crofs-hair  at  the  Point  S,  and  then  at  the 
Point  D  of  the  parallel  Hair  B  D.  Note,  It  is  the  fame  thing  if  the  Star  S  firfl  meets  the 
parallel  Hair  in  D,  and  afterwards  the  Crofs-hair  in  S. 

Now  as  the  Number  of  Seconds  the  Star  A  is  moving  thorow  the  fpace  A  B,  is  to  the 
Number  of  Seconds  the  Star  S  is  moving  thorow  the  fpace  S  D  ;  fo  is  the  Diflance  A  C, 
known  in  Minutes  and  Seconds  of  a  Degree  in  the  Micrometer,  to  the  Diflance  C  S,  in 
Minutes  and  Seconds  of  a  Degree.  But  the  Horary  Seconds  of  the  Motion  thorow  the  fpace 
A  B,  mufl  be  converted  into  Minutes  and  Seconds  of  a  great  Circle,  by  the  Rule  of  Pro- 
portion. 

Having  firfl  converted  the  Seconds  of  the  time  of  the  faid  Motion  from  A  to  B,  which 
may  be  here  elleemed  as  a  Right  Line,  or  an  Arc  of  a  great  Circle,  into  Minutes  and  Se- 
conds of  a  Circle,  in  allowing  15  Minutes  of  a  Circle  to  every   Minute  0/  an  Hour,  and 
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clement  of  the  Stars   known    Declination,  fo  is  the  Number  of  Seconds  in    the  Arc  A  8 
alfo  known,  to  the  Number  of  Seconds  of  the  fame  kind  contained  in    the  Arc 


the  fame  for  Seconds :  We  fay,  by  the  Rule  of  Proportion,  As  Radius   is  to  the  Sine  Conn- 
ie Arc  A  B 
C  A,  as  an 
Arc  of  a  great  Circle. 

Moreover,  in  the  Right-angled  Triangle  C  A  B,  the  Sides  C  A,  and  A  B  being  given,  as 
likewife  the  Right  Angle  at  C,  we  find  the  Angle  CAB;  and  fuppofing  C  P  R  perpendi- 
cular to  the  Line  A  B,  A  B  will  be  to  C  A  as  C  A  is  to  A  P. 

But  in  the  Right-angled  Triangle  CAP,  we  have  (betides  the  Right  Angle)  the  Angle 
A,  as  likewife  the  Side  C  A  given  ;  therefore  as  Radius  is  to  C  A,  fo  is  the  Sine  of  the 
Angle  CAP,  to  C  P.  And  as  the  Number  of  horary  Seconds  of  the  Motion  from 
A  to  B,  is  the  horary  Seconds  in  the  Motion  from  S  to  D,  fo  is  C  P  to  C  R.  Then  taking 
C  R  from  C  P,  or  elfe  adding  them  together,  according  as  A  B  or  S  D  is  next  to  the  Point 
C,  and  we  fhall  have  the  Quantity  of  P  R  in  parts  of  a  great  Circle,  which  will  be  the 
Difference  of  the  two  Stars  Declinations.  We  have  no  regard  here  to  the  Difference  of  Mo- 
tion thorow  the  fpaces  AB  and  SD,  caufed  by  the  difference  of  Declination,  becaufe  it  is 
of  no  confequence  in  the  Difference  of  Declinations,  as  they  are  obferved  by  the  Micro- 
meter. 

Finally,  As  A  B  is  to  A  P,  fo  is  the  Number  of  horary  Seconds  of  the  obferved  Motion 
of  the  Star  A  thorow  the  fpace  A  B,  to  the  Number  of  Seconds  of  the  Motion  of  the  faid 
Star  thorow  the  fpace  A  P.  Wherefore  the  time  when  the  Star  A  comes  to  P,  will  be  known. 
But  as  the  Number  of  Horary  Seconds  of  the  Motion  thorow  theSpace  A  B  is  to  the  Number 
of  Horary  Seconds  of  the  Motion  thorow  the  Space  S  D  ;  fo  is  the  Number  of  Horary  Seconds 
of  the  Motion  thorow  the  Space  A  P,  to  the  Number  of  Horary  Seconds  of  the  Motion 
thorow  S  R. 

Moreover  ;  The  Time  when  the  Scar  S  is  in  S  is  known,  to  which  if  the  Time  or  the 
Motion  thorow  S  R  be  added,  when  A  and  S  are  on  the  fame  fide  the  Point  C,  or  fub- 
ftracted  if  otherwife,  and  the  time  when  the  Star  is  in  R  will  be  had.  Now  the  difference 
of  Time  between  the  arrivals  of  the  Stars  in  P  and  R,  that  is,  the  difference  of  the  Times- 
wherein  they  come  to  the  Meridian,  will  be  the  difference  of  their  Right  Afcenfions,  which 
by  the  Rule  of  Proportion  may  be  reduced  into  Degrees  and  Minutes.  Note,  We  have  no 
regard  here  to  the  proper  Motion  of  the  Stars. 

From  hence  it  is  eafy  to  know  how,  inftead  of  the  parallel  Hair  A  B,  to  ufe  another 
parallel  one,  paffing  thro  A,  or  any  other,  as  alfo  a  moveable  Parallel,  provided  that  they 
form  Similar  Triangles,  as  will  be  eafily  conceiv'd  by  what  hath  been  already  faid. 

The  aforefaid  Operation  may  yet  be  done  by  another  Method.  For  the  parallel  Kaifs  of 
the  Micrometer  being  fo  difpofed,  that  the  firft  of  the  Stars  may  move  upon  one  of  them  ; 
and  if  the  time  wherein  the  faid  Star  croffes  the  Crofs-hair  of  the  Micrometer  be  obferved, 
and  if  moreover  the  time  wherein  the  other  Star  croffes  the  faid  Crofs-hair  be  obferved,  and 
at  the  fame  time  the  moveable  parallel  Hair  be  adjufled  to  the  fecond  Star,  no  ways  altering 
the  Micrometer  ;  we  fhall  have,  by  means  of  the  Diftance  between  that  parallel  Hair,  the 
firft  Star  moved  upon,  and  the  moveable  parallel  Hair,  the  Diflar.ce  between  two  parallel 
Circles,  to  the  Equator,  paffing  thro  the  places  of  the  faid  Stars,  which  is  their  Difference 
of  Declination.  And  it  moreover,  the  Difference  of  the  Times  between  the  paffages  of 
each  of  the  Stars  by  the  Crofs-hair  of  the  Micrometer  be  converted  into  Minutes  and 
Seconds  of  a  Degree,  the  faid  Stars  afcenfional  Difference  will  be  had.  This  needs  no 
Example. 

But  if  this  be  required  between  fome  Star,  and  the  Sun  or  Moon  ;  as  for  Example, 
Mercury  moving  under  the  Sun's  Dhk  ;  place  the  Micrometer  fo,  that  the  Limb  of  the  Sun 
may  move  along  one  of  the  parallel  Hairs,  and  obferve  the  times  when  the  Sun's  antecedent 
and  confequent  Limbs,  and  the  Center  of  Mercury,  touch  the  Crofs-hair  ;  then  the  Difference 
of  Mercury's  Declination,  and  the  Sun's  Limb,  by  means  of  the  moveable  Hair,  will  be  had, 
the  Micrometer  remaining  fixed.  And  if  to  the  time  of  the  Obfervation  of  the  Sun's  an- 
tecedent Limb,  half  the  time  elapfed  between  the  Paffages  of  the  antecedent  and  confequent 
Limb  be  added,  we  fhall  have  the  time  of  the  Paffage  of  the  Sun's  Center  by  the  Crofs-hair 
of  the  Micrometer  ;  and  by  this  means  the  difference  of  the  times  between  the  Paffage  of 
the  Sun's  Center  and  Mercury  over  the  Crofs-hair,  that  is,  by  the  Meridian,  will  be  ob- 
tained. And  this  Difference  of  time  being  converted  into  Degrees  and  Minutes,  will  give 
their  afcenfional  Difference. 

Moreover,  fince  the  Sun's  Center  is  in  the  Ecliptick,  if  in  the  fame  time  as  the  faid  Center 
paffes  over   the  Crofs-hair,  (the  Sun's  true  place  being  otherwife  known)  you  feek  in  Ta- 
bles, the  Angle  of  the  Ecliptick  with  the  Meridian,  you  will  likewife  have   the  Angle   that 
F-  the  Ecliptick  makes  with  the  Sun's  Parallel,  as  in  Fig.  u.  the  Angle  OCR,  of  the  Ecliptick 

O  C  B,  and  of  the  Parallel  to  the  Equator  R  C.  Let  P  C  be  the  Meridian,  Mercury  in  M, 
the  Center  of  the  Sun  in  C,  M  R  parallel  to  P  C,  and  C  R  the  difference  of  Right 
Afcenfion  between  the  Center  of  the  Sun  C,  and  Mercury  in  M.  Now  the  Minutes  of 
the  Difference  of  the  Right  Afcenfion  C  R  in  the  Parallel,  being  reduced  to  Minutes  of  a 
great  Circle,  fay,  As  Radius  is  to  the  Sine  Complement  of  the  Sun's  or  Mercury's  Declination  ; 
fo  is  the  Number   of  Seconds  of  the  Difference  of  Right    Afcenfion,  to  the  Number  of 

Seconds 
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Seconds  C  R,  as  the  Arc  of  a  great  Circle.  Then  itj  the  Triangle  C  RT,  Right-angled 
at  R,  we  have  the  Side  C  R  (now  found)  ;  as  alfo  the  Angle  R  C  T,  viz,,  the  Difference 
between  the  Right  Angle,  and  the  Angle  made  by  the  Ecliptick  and  Meridian  ;  whence 
the  Hypothermic  C  T,  and  the  Side  R  T  may  be  found.  And  it  R  T  be  taken  from 
M  R,  which  is  the  difference  of  Declination  of  Mercury  in  M,  and  the  Center  of  the  Sun 
in  C,  there  will  remain  T  M.  Again,  as  C  T  is  to  T  R,  fo  is  T  M  toTO;  MO  will 
be  the  Latitude  of  Mercury  at  the  time  of  Obfervation  :  And  adding  TO  to  the  Side 
CT,  we  fhall  have  C  O,  the  difference  of  Longitude  between  Mercury  and  the  Sun's  Center. 
Therefore  the  Sun's  Longitude  being  known,  that  of  Mercury's  may  alfo  be  found. 

If  moreover,  two   or  three  Hours  after  the  firft  Obiervaiion  of  'Mercury  in  M,  the  diffe- 
rence of  Declination  and  Right  Afcenfion  thereof  be   again  obfervcd,  when  he  is  come  to 
N,  we  fhall  find,  as  before,  N  Q  the   Latitude    of  Mercury,  and    C  Q^  the  difference  of 
Longitude  of  him  and  the  Sun's  Center  C  ;  whence  the  place  of  the  apparent  Node  or"  Mercury 
will  be  had.   But  note,  the  Point  of  Concourfe  A,in  the  Right  Line  M  N,  with  the  Ecliptick 
CB,  is  not  the  place  of  the  faid  Node,  with  regard   to   the    Point  C,  becaufe  between   the 
Observations  made  in  the  Points  M  and  N,  the  Sun  by   its  proper  Motion  is    moved  a  few 
Minutes  forwards,  according  to  the  Succeffion  of  Signs,  which  notwithstanding  we  ha      not 
regarded  in    the    Obfervat-ions.     Therefore  fay,   As  the    difference  of  the  Latitudes  M  O 
and  N  Q,  to  OQ,  minus  the  proper  Motion  of  the  Sun,  bet-  een  the  Obfen 
M  and  N  ;  fo  is  M  O  to  the  Diflance  O  A,  whence  the  true  Diftai  he  Sun's  f 

C  to  Mercury's  Node  A  will  be  had.     Note,  The  proper  Motion  Sun 

Obfervations  mud    be  taken  from  O  Q,  becaufe  during    that  time  Mercury  is  Retrogfad 
but  if  its  Motion  had  been  direct,  the  Sun's  Motion  mull:  have  been  added  to  O  Q. 

In  the  Obfervations  of  Mercury's  Paflage  under  the  Sun's  D>sk,  we  have  had  no  regard  to 
the  proper  Motion  of  the  Sun,  as  being  of  fmall  confequence ;  but  if  it  is  required  to  be 
brought  into  Confideration,  C  O  and  C  Q_muft  be  diminifhed  by  fo  much  of  the  Sun's  pro- 
per Motion,  as  is  performed  in  the  Interval  of  time  between  the  PaiTage  of  the  Sun's  Center 
and  Mercury,  by  the  Meridian. 

By  the  fame  Method,  the  Diftances  of  Planets  from  each  other,  or  from  fixed  Stars  near 
the  Ecliptick,  may  be  obferved  ;  neverthelefs,  excepting  fome  Minutes,  not  only  upon  the 
account  of  the  proper  Motions  of  the  Stars,  but  alfo  becaufe  of  their  Diflance  from  the 
Ecliptick  or  too  great  Latitude.  Note,  This  fecend  Method  for  finding  the  Difference  of 
Declination  and  Right  Afcenfion  is  not  exa&er  than  the  former,  altho  it  is  perform'd  with 
lefs  Calculation  :  for  it  is  fo  difficult  to  difpofe  the  Hairs  of  the  Micrometer  according  to 
the  Parallel  of  the  Diurnal  Motion,  that  it  cannot  be  done,  but  by  feveral  uncertain 
trials. 

M.  de  la  Hire  hath  alfo  invented  another  Micrometer,  whofe  Conftruction  is  eafy  ;  for  it  Fig.  12. 
is  only  a  pair  of  proportional  Compafles,  whofe  Legs  on  one  Side,  are,  for  example,  ten 
times  longer  than  thofe  on  the  other  Side.  The  fliorteft  Legs  of  thefe  Compafles  muft  be 
put  thro  a  flit  made  in  the  Tube  of  the  Telefcope,  and  placed  fo  in  the  Focus  of  the  OhjecT:- 
Glafs,  that  the  two  Points,  which  ought  to  be  very  fine,  may  be  apply'd  to  all  Objects  re- 
prefented  in  the  faid  Focus.  Then  if  the  Angle  fubtended  by  the  Diflance  of  two  Objects 
in  the  Focus  of  the  Objecl-Glafs  be  required  to  be  found  by  means  of  thefe  Compafles, 
you  muft  fliut  or  open  the  two  fhorteft  Legs  till  their  Points  juft  touch  the  Representa- 
tions of  the  Objects  ;  and  keeping  the  Compafles  to  this  opening,  if  the  longeit  Legs  be  ap- 
ply'd to  the  Divifions  of  a  Scale,  the  Minutes  and  Seconds  contained  in  the  Angle  fubtended 
by  the  Diflance  of  the  aforefaid  Objects  will  be  had.  The  Manner  of  dividing  the  laid 
Scale,  is  the  fame  as  that  for  finding  the  Diftances  of  the  parallel  Hairs  of  the  other  Micro- 
meter, in  faying  by  the  Rule  of  Proportion,  As  the  Number  of  Lines  contain'd  in  the  Focal 
Length  of  the  Object-Glafs,  is  to  one  Line  ;  fo  is  Radius  to  the  Tangent  of  the  Angle  fub- 
tended by  one  Line  in  the  Focus  :  therefore  if  the  longeft  Legs  be  ten  times  longer  than  the 
others,  ten  Lines  on  the  Scale  will  meafure  the  faid  Angle  fubtended  by  one  Line,  which 
being  known,  it  will  be  eafy  to  divide  the  Scale  for  Minutes  and  Seconds. 

This  Micrometer  may  be  ufed  for  taking  the  apparent  Diameters  of  the  Planets  ;  as  alfo 
to  take  the  Diftances  of  fixed  Stars  which  are  near  each  other,  and  meafure  fmall  Diftances 
on  Earth. 

CHAP.    III. 
Of  making  Celefial  Obfervations. 

OBfervations  of  the  Sun,  Stars,  &c.  made  in  the  Day-time   with  long  Telefcopes,  are 
eafy,  becaufe  the  Crofs-hairs  in  the  Focus  of  the  Objed-Glafs   may  then  be  diftindly 
perceived ;  but  in  the  Night    the  faid  Crofs-hairs  muft  be  enlightened  with  a  Link,    or 

Candle, 
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Candle,  that  fo  one  may  fee  them  with  the  Scars,  thro  the  Telefcope  :  and  this  is  done  two 
ways. 

Firft,  We  enlighten  the  ObjecVGlafs  of  the  Telefcope,  in  obliquely  bringing  a  Candle 
near  to  it,  that  fo  its  Smoke  or  Body  do  not  hinder  the  Progrefs  of  the  Rays  coming  from 
the  Star.  But  if  the  Objed-Glafs  be  fomething  deep  in  the  Tube,  it  cannot  fufficiently  be 
enlightened,  without  the  Candle's  being  very  near  it,  and  this  hinders  the  Sight  of  the 
Star;  and  if  the  Telefcope  is  above  fix  Feet  long,  it  will  be  difficult  fufficiently  to  enligh- 
ten the  Object-Glafs,  that  fo  the  crofs  Hairs  be  diftinctly  perceived. 

Secondly,  We  make  a  fufficient  opening  in  the  Tube  of  the  Te'efccpe  near  the  Focus 
of  the  Objecl-Glafs,  thro  which  we  enlighten  with  a  Candle  the  crofs  Hairs  placed  in  the 
Focus. 

But  this  Method  is  fubjeft  to  feveral  Inconveniencies,  for  the  Light  being  fo  near  the 
Obfervator's  Eyes,  he  is  often  incommoded  thereby.  And  moreover,  fince  the  crofs  Hairs 
are  by  that  opening  uncovered  and  expofed  to  the  Air,  they  lofe  their  Situation,  become 
flack,  or  may  be  broken. 

Befides  this,  the  faid  fecond  Method  is  liable  to  an  Inconveniency  for  which  it  ought  to 
be  entirely  neglected;  and  that  is,  that  it  is  fubjeft  to  an  Error,  which  is,  that  according 
to  the  Pofition  of  the  Light  illuminating  the  crofs  Hairs,  the  faid  Hairs  will  appear  in 
different  Situations;  becaufe,  for  example,  when  the  Horizontal  Hair  is  enlightened  above, 
we  perceive  a  luminous  Line,  which  may  be  taken  for  the  faid  Hair,  and  which  appears  at 
its  upper  Superficies.  And  contrariwife,  when  the  faid  Hair  is  enlightened  underneath, 
the  luminous  Line  will  appear  at  its  lower  Superficies,  the  Hair  not  being  moved  ;  and  this 
Error  will  be  the  Diameter  of  the  Hair,  which  often  amounts  to  more  than  fix  Seconds. 
But  M.  de  In  Hire  hath  found  a  Remedy  for  this  Inconveniency.  For  he  often  found,  in  Ob- 
fervations  made  in  Moonfhine  Nights,  in  Weather  a  little  foggy,  that  the  crofs  Hairs  were 
diftinclly  perceived  ;  whereas,  when  the  Heavens  were  ferene,  they  could  fcarcely  be  feen  : 
whence  he  bethought  himfelf  to  cover  that  End  of  the  Tube  next  to  the  Objedt-Glafs 
with  a  Piece  of  Gawze,  or  very  fine  white  filken  Crape  ;  which  fucceeded  fa  weil,  that  a 
Link  placed  at  a  good  diftance  from  the  Telefcope  fo  enlightened  the  Crape,  that  the  crofs 
Hairs  diftinclly  appeared,  and  the  Sight  of  the  Stars  was  no  way  obfcured. 

Solar  Obfervations  cannot  be  made  without  placing  a  fmoked  Glafs  between  the  Te- 
lefcope and  the  Eye,  which  may  thus  be  prepared.  Take  two  equal  and  well  polifhed 
round  Pieces  of  flat  Glafs,  upon  the  Surface  of  one  of  which,  all  round  its  Limb,  glew  a 
Pafteboard  Ring ;  then  put  the  other  Piece  of  Glafs  into  the  Smoke  of  a  Link,  taking  it 
feveral  times  out,  and  putting  it  in  again,  for  fear  left  the  Heat  of  the  Link  fhould  break 
it,  until  the  Smoke  be  fo  thick  thereon,  that  the  Link  can  fcarcely  be  feeh  thro  it :  but  the 
Smoke  rnuft  not  be  all  over  it  of  the  fame  Thicknefs,  that  fo  that  Place  thereof  may  be 
chofen  anfwering  to  the  Sun's  Splendor.  This  being  done,  this  Glafs  thus  blackened, 
mull  be  glewed  to  the  before  mentioned  Pafteboard  Ring,  with  its  blacken'd  Side  next  to 
the  other  Glafs,  that  fo  the  Smoke  may  not  be  rubbed  off. 

Note,  When  the  Sun's  Altitude  is  obferved  thro  a  Telefcope,  confiiVing  of  but  two 
Glaffes,  its  upper  Limb  will  appear  as  tho  it  were  the  lower  one. 

There  are  two  principal  kinds  of  Obfervations  of  Stars,  the  one  being  when  they  are  in 
the  Meridian,  and  the  other  when  they  are  in  Vertical  Circles. 

If  the  Pofition  of  the  Meridian  be  known,  and  then  the  Piane  of  the  Quadrant  be  placed 
in  the  Meridian  Circle,  by  means  of  the  plumb  Line  fufpended  at  the  Center,  the  Meridian 
Altitudes  of  Stars  may  be  eafily  taken,  which  are  the  principal  Operations,  ferving  as  a 
Foundation  to  the  whole  Art  of  Aftronomy.  The  Meridian  Altitude  of  a  Star  may  likewife 
be  had  by  means  of  a  Pendulum  Clock,  if  the  exacl:  Time  of  the  Star's  Paffage  by  the  Me- 
ridian be  known.  Now  it  muft  be  obferved,  that  Stars  have  the  fame  Altitude  during  a 
Minute  before  and  after  their  Paffage  by  the  Meridian,  if  they  be  not  in  or  near  the  Zenith; 
but  if  they  be,  their  Altitudes  muft  be  taken  every  Minute,  when  they  are  near  the  Meri- 
dian, which  we  fuppofe  already  known,  and  then  their  greateft  or  leaft  Altitudes  will  be 
the  Meridian  Altitudes  fought. 

As  to  the  Obfervations  made  without  the  Meridian  in  Vertical  Circles,  the  Pofition  of  a 
given  Vertical  Circle  muft  be  known,  or  found  by  the  following  Method. 

Firft,  The  Quadrant  and  its  Telefcope  remaining  in  the  fame  Situation  wherein  it  was 
when  the  Altitude  of  a  Star,  together  with  the  Time  of  its  Paffage  by  the  Interferon  of 
the  crofs  Hairs  in  the  Focus  of  the  ObjecVGlafs,  was  taken,  we  obferve  the  Time  when 
the  Sun,  or  fome  fixed  Star,  whofe  Latitude  and  Longitude  is  known,  arrives  to  the  Verti- 
cal Hair  in  the  Telefcope  ;  and  from  thence  the  Pofition  of  the  faid  Vertical  Circle  will  be 
had,  and  alfo  the  obferved  Star's  true  Place. 

But  if  the  Sun,  or  fome  other  Star,  does  not  pafs  by  the  Mouth  of  the  Tube  of  the 
Telefcope,  and  if  a  Meridian  Line  be  otherwife  well  drawn  upon  a  Floor,  or  very  level 
Ground,  in  the  Place  of  Obfervation,  you  muft  fufpend  a  Plumb-Line  to  fome  fixed  Piace, 
about  three  or  four  Toifes  diftant  from  the  Quadrant,  under  which  upon  the  Floor  muft  a 
Mark  be  made  in  a  right  Line  with  the  Plumb-Line.  This  being  done,  you  muft  put  a 
thin  Piece  of  Brafs,  or  Pafteboard,  very  near  the  ObjecVGlafs,  in  the  middle  of  which  there 

is 
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is  a  fmall  Slit  vertically  placed,  and  palling  thro  the  Center  of  the  Circular  Figure  of  the 
Object-Glafs.  Now  by  means  of  this  Slit,  the  beforementioned  Plumb-Line  may  be  per- 
ceived thro  the  Telefcope,  which  before  could  not  be  feen,  becaufe  of  its  Nearnefs  thereto. 
Then  the  Plumb-Line  mud  be  removed  and  fufpended,  fo  that  it  be  perceived  in  a  right 
Line  with  the  vertical  Hair  in  the  Focus  of  the  Object-Glafs,  and  a  Point  marked  on  the 
Floor  directly  under  it.  And  if  a  right  Line  be  drawn  thro  this  Point,  and  that  marked 
under  the  Plumb-Line  before  it  was  removed,  the  faid  Line  will  meet  the  Meridian  drawn 
upon  the  Floor;  and  fo  we  fhall  have  the  Polition  of  the  vertical  Circle  the  obferved  Star  is 
in,  with  refpect  to  the  Meridian,  the  Angle  whereof  may  be  meafured  in  affuming  known 
Lengths  upon  the  two  Lines  from  the  Point  of  Concourfe;  for  if  thro  the  Extremities  of 
thefe  known  Lengths,  a  Line  or  Bafe  be  drawn,  we  fhall  have  a  Triangle,  whofe  three 
Sides  being  known,  the  Angle  at  the  Vertex  may  be  found,  which  will  be  the  Angle  made 
by  the  Vertical  Circle  and  Meridian. 

T'he  Manner  of  taking  the  Meridian  Altitudes  of  Stars. 

It  is  very  difficult  to  place  the  Plane  of  the  Quadrant  in  the  Meridian  exadly  enough 
to  take  the  Meridian  Altitude  of  a  Scar;  for  unlefs  there  be  a  convenient  Place  and  a  Wall, 
where  the  Quadrant  may  be  firmly  fattened  in  the  Plane  of  the  Meridian,  which  is  very 
difficult  to  do,  we  fhall  'not  have  the  true  Pofition  of  the  Meridian,  proper  to  obferve  all 
the  Stars,  as  we  have  mentioned  already.  Therefore  it  will  be  much  eaiier,  and  principally 
in  Journeys,  to  ufe  a  portable  Quadrant,  by  means  of  which  the  Altitude  of  a  Star  muft 
be  obferved  a  little  before  its  Paflage  over  the  Meridian,  every  Minute,  if  poiTibie,  until  its 
greateft  or  leaft  Altitude  be  had.  Now,  tho  by  this  means  we  have  not  the  true  Polition 
of  the  Meridian,  yet  we  have  the  apparent  Meridian  Altitude  of  the  Star. 

Altho  this  Method  is  very  good,  and  tree  from  any  fenfible  Error,  yet  if  a  Star  paffes 
by  the  Meridian  near  the  Zenith,  we  canot  have  its  Meridian  Altitude,  by  repeated  Obfer- 
vations  every  Minute,  unlefs  by  chance;  becaufe  in  every  Minute  of  an  Hour  the  Altitude  aug- 
ments about  fifteen  Minutes  ofaDegree  :  and  in  thefe  kind  of  Obfervations,  the  inconvenient 
Situation  of  the  Obfervator,  the  Variation  of  the  Star's  Azimuth  feveral  Degrees  in  a  little 
time,  the  Alteration  that  the  Inftrument  muft  have,  and  the  Difficulty  in  well  replacing  it 
vertically  again,  hinders  our  making  of  Obfervations  oftner  than  in  every  fourth  Minute  of 
an  Hour ;  during  which  Time  the  Difference  in  the  Star's  Altitude  will  be  one  Degree. 
Therefore  in  thefe  Cafes  it  will  be  better  to  have  the  true  Polition  of  the  Meridian,  or  the 
exact  Time  a  Scar  paiies  by  the  Meridian,  in  order  to  place  the  Inftrument  in  the  faid  Me- 
ridian, or  move  it  fo  that  one  may  obferve  the  Altitude  of  the  Star  the  moment  it  paffes  by 
the  Meridian. 

Of  Refactions. 

The  Meridian  Altitudes  of  two  fixed  Stars,  which  are  equal,  or  a  fmall  matter  different, 
the  one  being  North,  and  the  other  South,  being  obferved,  aud  alfo  their  Declination  o- 
therwife  given ;  to  find  the  Refraction  anfwering  to  the  Degrees  of  Altitude  of  the  faid 
Stars,  and  the  true  Height  of  the  Pole,  or  Equator,  above  the  Place  of  Obfervation. 

Having  found  the  apparent  Meridian  Altitude  of  fome  Star  near  the  Pole  (by  the  afore- 
going Directions)  if  the  Complement  of  the  faid  Star's  Declination  be  added  thereto,  or 
taken  therefrom,  we  fhall  have  the  apparent  Height  of  the  Pole.  After  the  fame  manner 
may  alfo  the  apparent  Height  of  the  Equator  be  found,  by  means  of  the  Meridian  Altitude 
of  fome  Star  near  the  Equator,  in  adding  or  fubftracting  its  Declination. 

Then  thefe  Heights  of  the  Pole  and  Equator  being  added  together,  their  Sum  will  al- 
ways be  greater  than  a  Quadrant  ;  but  90  Degrees  being  taken  from  this  Sum,  the 
Remainder  will  be  double  the  Refraction  of  either  of  the  Stars  obferved  at  the  fame  height  : 
and  therefore  taking  the  faid  Refraction  from  the  faid  apparent  Height  of  the  Pole,  or 
Equator,  we  fhall  have  their  true  Altitude. 

Example. 

Let  the  Meridian  Altitude  of  a  Star  obferved  below  the  North  Pole,  be  30  deg.  1$  mini 
and  the  Complement  of  its  Declination  5;  deg.  whence  the  apparent  Height  of  the  Pole  will 
be  3  5  deg.  1 5  min.  Alfo  let  the  apparent  Meridian  Altitude  of  fome  other  Star,  obferved 
near  the  Equator,  be  30  deg.  40  min.  and  its  Declination  40  deg.  9  min.  whence  the  appa- 
rent Height  of  the  Equator  will  be  54  deg.  49  min.  Therefore  the  Sum  of  the  Heights  of 
the  Pole  and  Equator  thus  found,  will  be  90  deg.  4  min.  from  which  fubftracting  90  deg. 
and  there  remains  4  min.  which  is  double  the  Refraction  at  30  deg.  28  min.  of  Altitude, 
which  is  about  the  middle  between  the  Heights  found  :  therefore  at  the  Altitude  of  30 
deg.  1 5  min.  the  Refraction  will  be  fomething  above  2  min.  vizi.  2  min.  1  fee.  and  at  the 
Altitude  of  30  deg.  40  min.  the  Refraction  will  be  1  min.  59  fee. 

Laftly,  If  2  min.  1  fee.  be  taken  from  the  apparent  Height  of  the  Pole  35  min.  15  fee. 
the  Remainder  3?  deg.  12  min.  59  fee.  will  be  the  true  Height  of  the  Pole;  and  fo  the  true 
Height  of  the  Equator  will  be  54  deg.  47  min.  1  fee.  as  being  the  Complement  of  the 
Height  of  the  Pole  to  90  deg. 

T  t  Note, 
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Note,  The  Refraction  ana  Height  of  the  Pole  found  according  to  this  way,  will  be  fo 
much  the  more  exact,  as  the  Altitude  of  the  Stars  is  greater ;  for  if  the  Ditierence  of  the 
Altitudes  of  each  Star  fhould  be  even  2  deg-  when  their  Altitudes  are  above  30  deg.  we 
may  by  this  Method  have  the  Retraction,  and  the  true  Height  of  the  Pole,  becaufe  in  this 
Cafe  the  Difference  of  Refraction  in  Altitudes  differing  two  Degrees,  is  not  fenlible. 

Another  Way  of  obferoing  Refractions. 
The  Quantity   of  Refraftion  may   alfo  be  found  by  the  Obfervations  of  one  Star  only, 
whofe  Meridian  Altitude  is  00  deg.  or  a  little  lefs  ;    for  the  Height  or'  the  Pole  or  Equator 
above  the  Place  of  Obfervation  being  otherwife  known,  we  ihall  have  the  Stars  true  De- 
clination, by  its  Meridian  Altitude  ;  becaufe  Refractions  near  the  Zenith  are  infenfible. 

Now  if  we  obferve  by  a  Pendulum  the  exact  Times  when  the  faid  Star  comes  to  every 
Degree  of  Altitude,  as  alfo  the  Time  of  its  Paffage  by  the  Meridian,  which  may  be  known 
by  the  equal  Altitudes  of  the  Star  being  Eait  and  Weft,  we  have  three  things  given  in  a 
fp  :erical  Triangle,  viz,,  the  Diftance  between  the  Pole  and  Zenith,  the  Complement  of  the 
Star's  Declination,  and  the  Angle  comprehended  by  the  aforefaid  Arcs  ;  namely,  the  Diffe- 
rence of  mean  Time  between  the  Palfage  of  the  Star  by  the  Meridian  and  its  Place,  con- 
verted into  Degrees  and  Minutes;  to  which  muft  be  added  the  convenable  proportional 
Part  of  the  mean  Motion  of  the  Sun  in  the  Proportion  of  59  min.  8  fee.  per  Day  :  therefore 
the  true  Arc  of  the  Vertical  Circle  between  the  Zenith  and  the  true  Place  ot  the  Star  may 
be  found. 

But  the  apparent  Arc  of  the  Altitude  of  the  Star  is  had  by  Obfervation,  and  the  Diffe- 
rence of  thefe  Arcs  will  be  the  Quantity  of  Retraction  at  the  Height  of  the  Star.  By  a  like 
Calculation  the  Refraction  of  every  Degree  of  Altitude  may  be  round. 

The  fame  may  be  done  by  means  of  the  Sun,  or  any  other  Star,  provided  its  Declination 
be  known,  to  the  end  that  at  the  time  of  Obfervation  the  true  Diltance  of  the  Sun  or  Star 
from  the  Zenith  may  be  found. 

The  Refractions  of  Stars  being  known,  it  will  then  be  eafy  to  find  the  He:ght  of  the 
Pole  ;  for  having  obferved  the  Meridian  Altitude  of  the  Polar  Star,  as  well  above  as  below 
the  Pole,  the  fame  Day,  and  having  diminifhed  each  Altitude  by  its  proper  Refraction,  half 
of  the  Difference  of  the  corrected  Altitudes,  added  to  the  lelTer  Altitude  corrected,  or 
fubitracted  from  the  greater  Altitude  thus  corrected,  will  give  the  true  Height  of  the  Pole. 

M.  de  la  Hire  has  obferved  with  great  Care  for  feveral  Years  the  Meridian  Altitudes  of 
fixed  Stars,  and  principally  of  Sirius,  and  Lucida  Lyra,  with  Agronomical  Quadrants  very 
we'd  diviucd,  and  very  good  Telefcopes  at  different  Hours  of  the  Day  and  Night,  and  at 
different  Seafons  of  the  Year ;  and  he  allures  us,  that  he  never  found  any  Difference  in 
their  Altitudes,  but  what  proceeded  from  their  proper  Motion. 

And  becaufe  Sirius  comes  to  about  the  26th  Degree  of  the  Meridian,  we  might  doubt 
whether  in  the  leffer  Altitudes  the  Refractions  in  the  Winter  would  be  greater  than  thofe 
in  the  Summer  ;  hence  he  alfo  obferved,  with  the  late  M.  Picard,  the  leffer  Meridian  Alti- 
tudes of  the  Star  Capella,  which  is  about  4  7  Degrees  at  feveral  different  Times  of  the 
Year. 

Having  compared  thefe  different  Obfervations  together,  and  made  the  neceffary  Reduc- 
tions, becaufe  of  the  proper  Motion  of  that  Star,  there  was  fcarcely  found  one  Minute  of 
Difference,  that  could  proceed  from  any  other  Caufe  but  Refraction.  Therefore  he  made 
but  one  Table  of  the  Refraction  of  the  Sun,  Moon,  and  the  Stars,  for  all  Times  of  the 
Year,   conformable  to  the  Obfervations  that  he  made  from  them. 

Notwithstanding  this,  one  would  think  that  Refractions  nigh  the  Horizon  are  fubject  to 
divers  Inconftancies,  according  to  the  Conflitution  of  the  Air,  and  the  Nature  of  high  or 
low  Grounds,  as  M.  de  la  Hire  has  often  found  ;  for  obferving  the  Meridian  Altitudes  of 
Stars  at  the  Foot  of  a  Mountain,  which  feemed  to  be  even  with  the  top  of  it,  they  ap- 
peared to  him  a  little  higher,  than  if  he  had  obferved  them  at  the  top  :  But  if  the  Obfer- 
vations of  others  may  be  depended  upon,  Refractions  are  greater,  even  in  Summer,  in  the 
frozen  Zones,  than  in  the  temperate  Zones- 

How  to  find  the  Time  of  the  Equi  <      and  Sol/lice  by  Obfervation. 

Having  found  the  Height  of  the  Equator,  the  Refraction  and  the  Sun's  Parallax  at  the  fame 
Altitude,  it  will  not  afterwards  be  difficult  to  find  the  Time  in  which  the  Center  of  the  Sun 
is  in  the  Equator;  for  if  from  the  apparent  Meridian  Altitude  of  the  Center  of  the  Sun,  the 
fame  Day  as  it  comes  to  the  Equinox,  betaken  the  convenient  Refraction,  and  then  the 
Parallax  be  added  thereto,  the  true  Meridian  Altitude  of  the  Sun's  Center  will  be  had. 
Now  the  Difference  of  this  Altitude,  and  the  Height  of  the  Equinoctial,  will  fhew  the 
Time  of  the  true  Equinox  before  or  after  Noon  :  and  if  the  Sum  of  the  Seconds  of  that 
Difference  be  divided  by  59,  the  Quotient  will  fhew  the  Hours  and  Fractions  which 
mult  be  added  or  fubftracted  from  the  true  Hou*  of  Noon,  to  have  the  Time  of  the  true 
Equinox. 

The  Hours  of  the  Quotient  mult  be  added  to  the  time  of  Noon,  if  the  Meridian  Alti- 
tude of  the  Sun  be  leffer  than  the  height  of  the  Equator  about  the  time  of  the  vernal  Equi- 
nox ; 
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nox  ;  but  they  muft  be  fubftracted,  if  it  be  found  greater.  You  mud  proceed  contrariwife, 
when  the  Sun  is  near  the  autumnal  Equinox. 

Example.  The  true  Height  41  deg.  10  min.  of  the  Equator  being  given,  and  having  ob- 
ferved  the  true  Meridian  Altitude  41  deg.  5  min.  15  fee.  of  the  Sun,  found  by  the  apparent 
Altitude  of  its  upper  or  lower  Limb,  corrected  by  its  Semidiameter,  Refraction,  and  Pa- 
rallax, and  the  Difference  will  be  4  min.  45  fee.  or  285  Seconds,  which  being  divided  by  59, 
the  Quotient  will  be  4*4  ;  that  is,  4  Hours  48  Minutes,  which  muft  be  added  to  Noon, 
if  the  Sun  be  in  the  vernal  Equinox,  and  consequently  the  time  of  the  Equinox  will  happen 
4  Hours  48  Minutes  alter  Noon.  But  it  the  Sun  was  in  the  autumnal  Equinox,  the  time 
of  the  faid  Equinox  would  happen  4  Hours  48  Minutes  before  Noon,  that  is,  at  12  Minutes 
paft  Seven  in  the  Morning. 

As  to  the  Solftices,  there  is  much  more  Difficulty  in  determining  them  than  the  Equi- 
noxes, for  one  Obfervation  only  is  not  fufficient ;  becaufe  about  this  time  the  Difference  be- 
tween the  Meridian  Altitudes  in  one  Day,  and  the  next  fucceeding  Day,  is  almoft  infen- 
fible. 

Now  the  exact  Meridian  Altitude  of  the  Sun  muft  be  taken,  12  or  15  Days  before  the 
Solftice,  and  as  many  after,  that  fo  one  may  find  the  fame  Meridian  Altitude  by  little  and 
little  ;  to  the  end  that  by  the  proportional  Parts  of  the  alteration  of  the  Sun's  Meridian  Al- 
titude, we  may  more  exactly  find  the  time  wherein  the  Sun  is  found  at  the  fame  Altitude, 
before  and  after  the  Solftice,  being  in  the  fame  Parallel  to  the  Equator. 

Now  having  found  the  time  elapfed  between  both  the  Situations  of  the  Sun,  you  mult 
take  half  of  it,  and  feek  in  the  Tables  the  true  place  of  the  Sun  at  thefe  three  times. 
This  being  done,  the  Difference  of  the  extreme  Places  of  the  Sun  muft  be  added  to  the 
mean  Place,  in  order  to  have  the  mean  Place  with  Comparifon  to  the  Extremes  ;  but  if  the 
mean  Place  found  by  Calculation,  does  not  agree  with  the  mean  Place  found  by  Comparifon, 
you  muft  take  the  Difference,  and  add  to  the  mean  Time,  the  Time  anfwering  to  that  Dif- 
ference, if  the  mean  Time  found  by  Calculation  be  leflerj  but  contrariwife,  it  muft  be 
fubftracted  if  it  be  greater,  in  order  to  have  the  Time  of  the  Solftice. 

Example.  The  lalt  Day  of  May,  the  apparent  Meridian  Altitude  of  the  Sun  was  found 
at  the  Royal  Obfervatory,  64  deg.  47  min.  25  fee.  and  the  2 2d  Day  of  June  following,  the 
apparent  Meridian  Altitude  was  found  64  deg.  28  min.  15  fee.  from  whence  we  know,  by 
having  the  Difference  of  Declination  at  thofe  times,  that  the  Sun  came  to  the  Parallel  of  the 
firft  Obfervation,  the  22d  of  June,  at  4  Hours  12  Minutes  in  the  Morning  ,•  and  confe- 
quently  the  mean  Time  between  the  Obfervations,  was  on  the  2 2d  of  June,  at  2  Hours  6 
Minutes  in  the  Morning. 

Now  by  Tables,  the  true  place  of  the  Sun  at  the  time  of  the  firft  Obfervation,  was  2 
Signs  18  deg.  58  min.  23  fee.  and  at  the  time  of  the  laft  it  was  3  Signs,  n  deg.  4  min.  52 
fee.  and  in  the  middle  time  3  Signs,  1  min.  56  fee.  But  the  Difference  of  the  two  extreme 
Places  is  22  deg.  6  min.  29  fee.  half  of  which  is  11  deg.  3  min.  15  fee.  which  added  to 
the  mean  Place,  makes  3  Signs,  1  min.  38  fee.  which  is  the  mean  Place  with  comparifon  to 
the  Extremes.  Again,  The  Difference  between  the  mean  Place,  by  calculation  3  Signs, 
1  min.  5<5  fee.  and  the  mean  Place  by  Comparifon,  is  18  Seconds,  which  anfwers  to  7  min. 
18  fee  of  Time,  which  muft  be  taken  from  the  mean  Time,  becaufe  the  mean  Place  by  Cal- 
culation is  greater  than  the  mean  Place  by  Comparifon.  Therefore  the  Time  of  the  Solftice 
was  the  nth  of   June,  at  1  Hour,  58  min.  18  fee.  in  the  Morning. 

Note,  The  Error  of  a  few  Seconds,  in  the  obferved  Altitude  of  the  Sun,  will  caufe  an 
alteration  of  an  Hour  in  the  true  time  of  the  Solftice  ;  as  in  the  propofed  Example,  10  Se- 
conds, or  thereabouts,  in  Altitude,  will  caufe  an  Error  of  an  Hour  ;  whence  the  true  Time 
of  the  Solftice  cannot  be  had  but  with  Inftruments  well  divided,  and  feveral  very  exact  Ob- 
fervations. 

Obfervations  made  in  the  Royal  Obfervatory  at  Paris,  about  the  'Time  of  the  Solftice  for  finding  the 
Height  of  the  Pole,  and  the  Suns  greateft  Declination  or  Obliquity  of  the  Ecliptick. 

Deg.  Min.  Sec. 


The  apparent  Meridian  Altitude  of  the  upper  Limb  of  the  Sun  at   the  ?  6 
time  of  the  Summer  Solftice,  gathered  from  feveral  Obfervations,  is  found  —  J 
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Refraction  to  be  fubftracted 

Parallax  to  be  added  

True  Altitude  of  the  upper  Limb  of  the  Sun 

Semidiameter  of  the  Sun  ' 

True  Meridian  Altitude  of  the  Sun's  Center 


At  the  time  of  the  Winter  Solftice,  the  apparent  Meridian  Altitude  of  the  ? 

upper  Limb  of  the  Sun ■ — — -  S 

Refraction  to  be  fubftracted         — «  ■ 

Parallax  to  be  added  •   ■ 

True  Altitude  of  the  Sun's  upper  Limb  ■  «-■     " 

Semidiameter  of  the  Sun        -.■    .''  '   '  ~" — T 
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Deg.  Min.  Sec. 
True  Meridian  Altitude  of  the  Sun's  Center  17     4o     55 

Then  the  true  Diftance  of  the  Tropicks  is 


The  half,  which  is  the  greateft  afian  of  the  Sun,  is 
The  Height  of  the  Equator  abo\  s  I  :.e  Obfervatory  — 
Its  Complement,  whiCjh  is  the  Height  of  the  Pole  


Obfervations,  of  the  Polar  Star. 
By  divers  Observations  of  the  greateft  and  leaf!  apparent  Meridian  Altitudes  of  the  Polar 
Star,  which  is  in  the  end  of  the  Tail  of  the  Little  Bear,  it  is  concluded  that  the  apparent 
Altitude  of  the  Pole,  as  M-  Picard  has  denoted  it  in  his  Book  of  the  Dimenfions  of  the  Earth, 
between  St.  James's  and  St.  Martin's  Gates  (about  S.  Jaques  de  la  Boucberie,  at  Paris) 
is  48  deg.  52  min.  20  ice 

Deg.  Min.  Sec. 
The  Reduction  being  made  according  to  the  Diftance  of  the  Plao       the  "^ 

apparent  Height  of  the  Pole  at  the  Royal  Obfervatory  v,  ill  be  j4<*     5 1     02 

The  Convenable  Refraftion  to  that  Height ■ 00     01     04 

Then  the  true  Height  of  the  Pole  at  the  Obfervatory      . .     48     49     58 

For  which  let  us  take  — — - —     48     50     00 

And  coniequently  the  Height  of  the  Equator  will  be 4i      IO     00 

The  true  or  apparent  "Time  in  which  a  Planet  or  fixed  Star  pajfes  by  the  Meridian,  being  given,  to 
find  the  Difference  of  Right  Afcenfion  between  the  fixed  Star,  or  Planet,  and  the  Sun. 

The  given  Time  from  Noon  to  or  from  the  time  of  the  Paflage  of  the  Star  or  Planet  by 
the  Meridian,  mult  be  converted  into  Degrees,  and  what  is  required  will  be  anfwered. 

Example.  Jupiter  palled  b>  the  Meridian  at  10  Hours,  23  min.  15  Lee.  in  the  Morning, 
whefe  Diftance  in  time  from  Noon,  which  is  1  Hour,  36  min.  45  fee.  being  converted  into 
.Degrees  of  the  Equator,  will  give  24  deg.  11  min.  15  fee.  for  the  Difference  of  Right 
Afcenfion  between  the  Sun  and  Jupiter,  in  that  mjment  the  Center  of  Jupiter  palled  by  the 
Meridian. 

In  this,  and  the  following  Problem,  we  have  propofed  the  true  or  apparent  Time,  and 
not  the  mean  Time  ;  becaufe  the  true  Time  is  eafier  to  know  by  Obfervations  of  the  Sun, 
than  the  mean  Time.  We  fhall  explain  what  is  meant  by  mean  Time,  as  likewife  true  or 
apparent  Time,  in  the  next  Chapter. 

The  true  Time  between  the  Pajfages  of  two  fixed  Stars  by  the  Meridian  being  given,  or  elfe  of  a  fixed 
Star  and  a  Planet,  to  find  their  Afcenfional  Difference. 

The  given  Time  between  their  Pallages  by  the  Meridian  mull;  be  converted  into  Degrees 
of  the  Equator,  and  the  Right  Afcenfion  of  the  true  Motion  of  the  Sun  anfwering  to  that 
time,  mult  be  added  thereto;  then  the  Sum  will  be  the  Afcenfional  Difference  fought. 

Example.  Suppofe  between  the  Paifages  of  the  Great  Dog,  called  Sirius,  by  the  Meridian, 
and  the  Heart  of  the  Lion  named  Regulus,  there  is  elapfed  3  Hours,  20  min.  of  time,  and 
the  Right  Afcenfion  of  the  true  Motion  of  the  Sun,  let  be  7  min.  35  fee. 

Whence  converting  3  Hours,  20  min.  into  Degrees  of  the  Equator,  and  there  will  be 
had  50  deg.  to  which  adding  7  min.  35  fee.  and  the  Sum  50  deg.  7  min.  35  fee.  will  be  the 
Afcenfional  Difference  between  Sirius  and  Regulus. 

You  mull  proceed  thus  for  the  Afcenfional  Difference  of  a  fixed  Star  and  a  PJanet,  or  of 
two  Planets;  yet  note,  if  the  proper  Motion  of  the  Planet  or  Planets  be  confiderable  be- 
tween both  their  Pallages  by  the  Meridian,  regard  muft  be  had  thereto. 

How  to  obferve  Eclipfes. 

AmongfT  the  Obfervations  of  Eclipfes,we  have  the  Beginning,  the  End,  and  theTotal  Emer- 
fion,  which  may  exactly  enough  be  eftimated  by  the  naked  Eye,  without  Telefcopes,  except 
the  Beginning  and  the  End  of  Eclipfes  of  the  Moon,  wrhere  an  Error  of  one  or  two  Minutes 
may  be  made,  becaufe  it  is  difficult  certainly  to  determine  the  Extremity  of  the  Shadow. 
But  the  Quantity  of  the  Eclipfe,  that  is,  the  eclipfed  Portion  of  the  Sun  and  Moon'5  Disk, 
which  is  meafured  by  Digits,  or  the  12th  parts  of  the  Sun  and  Moon's  Diameter,  and  Mi- 
nutes, or  the  60th  parts  of  Digits,  cannot  be  well  known  without  a  Telefcope  joined  to 
fome  Inftrument.  For  an  Eftimation  made  with  the  naked  Eye  is  very  fubjecl  to  Error,  as 
it  is  eafy  to  fee  in  Hiflory  of  ancient  Eclipfes,  altho  they  were  obferved  by  very  able 
Aftronomers. 

The  Aftronomers  who  firft  ufed  Telefcopes  furnifhed  with  but  two  GlafTes,  namely,  a 
Convex  Objecl-Glafs,  and  a  Concave  Eye-Glafs,  In  the  Obfervations  of  Eclipfes,  obferved 
thefe  of  the  Sun  in  the  following  manner.  They  caufed  a  hole  to  be  made  in  the  Window- 
fhutter  of  a  Room,  which  Room  in  the  Day-time,  when  the  Shutters  were  fhut,  was 
darkened  thereby ;  thro  which  hole  they  put  the  Tube  of  a  Telefcope,  in  fnch  manner, 
that  the  Rays  of  the  Sun,  pafling  thorow  the  Tube,    might   be  received   upon   a  white 

piece 


Chap.  3.      Of  making  CeleHial  Observations.  16^ 

piece  of  Paper,  or  a  Table-Cloth,  upon  which  was  firft  described  a  Circle  of  a  convenabfe 
bignefs,  with  five  other  Concentric  Circles,  equally  diftant  from  one  another,  which,  with 
the  Center,  divided  a  Diameter  of  the  outward  Circle  into  12  equal  Parts.  Then  ha- 
ving adjufted  the  Table-Cloth  perpendicular  to  the  Situation  of  the  Tube  of  the  Telefcope, 
the  luminous  Image  of  the  Sun  was  caft  upon  the  Table-Cloth,  which  would  ftill  be  greater 
according  as  the  Table-Cloth  was  more  diftant  from  the  Eye-Glafs  of  the  Telefcope;  whence 
by  moving  the  Tube  forwards  and  backwards,  they  found  a  place  where  the  Image  of  the 
Sun  appeared  exa&ly  equal  to  the  outward  Circle,  and  at  that  Diftance  they  fixed  the 
Table-Cloth,  with  the  Tube  of  the  Telefcope,  which  compofed  the  Inurnment  for  the 
faid  Obfervation.  Afterwards  they  moved  the  Tube  according  to  the  Sun's  Motion,  to  the 
end  that  the  luminous  Limb  of  its  Disk  might  every  where  touch  the  outward  Circle  de- 
fcribed  upon  the  Table-Cloth,  by  which  means  the  Quantity  of  the  echpfed  Portion  was 
feen,  and  its  greateft  Obfcurity  meafured  by  the  Concentric  Circles ;  they  denoted  the 
Hour  of  every  Phafe,  by  a  Second  Pendulum  Clock,  rectified  and  prepared  for  that  pur- 
pole.  The  fame  Method  is  (till  obferved  by  many  Aftronomers,  who  ufe  alfo  a  Circular 
Reticulum,  made  with  fix  Concentric  Circles  upon  very  fine  Paper,  which  muft  be  oiled, 
to  render  the  Sun's  Image  more  fenfible.  The  greateft  of  the  Circles  ought  exactly  to 
contain  the  Image  of  the  Sun  in  the  Focus  of  the  Object-Glafs  of  a  Telefcope  of  40  or  60 
Feet ;  the  fix  Circles  are  equally  diftant,  and  divide  the  Diameter  of  the  Sun  in  twelve  equal 
Digits.  When  the  Paper  is  placed  in  the  Focus  of  a  great  Telefcope,  the  enlightened  part 
of  the  Sun  will  very  diftinctly  be  feen  ;  then  the  Eye-Glafs  is  not  ufed. 

There  are  others  who  ufe  a  Telefcope  rurnifhed  with  two  Convex-Glafles,  from  whence 
the  fame  effect  follows.  But  altho  the  Ufe  of  a  Telefcope  in  this  manner  be  very  proper  to 
obferve  Eclipfes  of  the  Sun,  yet  it  is  not  fit  to  obferve  Eclipfes  of  the  Moon,  becaufe  its 
Li^ht  is  not  ftrong  enough.  Laftly,  Others  place  a  Micrometer  in  the  common  Focus  of 
the  Convex  Lenfes.  Befides  the  Quantity  of  the  Phafes  of  the  Eclipfes  of  the  Sun  and 
Moon,  (eafily  known  by  the  faid  Micrometer)  we  may  have  the  Diameters  of  the  Lumina- 
ries and  the  proportion  of  the  Earth's  Diameter  to  the  Moon's,  as  well  by  the  obfcure  Por- 
tion of  its  Disk,  as  by  the  .luminous  Portion  and  the  Diftance  between  its  Horns. 

The  Method  of  ob!erving'£clipfes  by  means  of  the  Micrometer  will  be  much  better,  if 
the  Divifions  to  which  the  parallel  Hairs  are  applyed  be  made  fo,  that  fix  Intervals  of  the 
Hairs,  may  contain  the  Diameter  of  the  Sun  or  Moon.  For  the  moveable  Hair  pofited  in 
the  middle  of  the  Diftance  between  the  immoveable  ones,  (which  is  not  difficult  to  do)  will 
fhew  the  Digits  of  the  Eclipfe. 

The  fame  Telefcope  and  Micrometer  may  ferve  for  all  the  other  Obfervations,  and  to 
meafure  Eclipfes  ;  as,  to  obferve  the  Paflage  of  the  Earth's  Shadow  over  the  Spots  of  the 
Moon,  in   Lunar  Eclipfes. 

There  yet  remains  one  considerable  Difficulty,  and  that  is,  to  make  a  new  Divifion 
of  the  Micrometer  fervingas  a  common  Reticulum  for  all  Obfervations  ;  lor  it  fcarcely  hap- 
pens in  an  Age  in  two  Eclipfes,  that  the  apparent  Diameters  of  the  Sun  and  Moon  are  the 

fame. 

Therefore  M.  de  la  Hire  has  invented  a  new  Reticulum,  which  having  all  the  Ufes  of  the 
Micrometer,  may  ferve  to  obferve  all  Eclipfes,  it  being  adapted  to  all  apparent  Diameters 
of  the  Sun  and  Moon,  and  its  Divifions  are  firm  and  folid  enough  to  refift  all  the  Viciflitudes 
of  the  Air,  altho  they  are  as  fine  as  Hairs. 

The  Conftru&ion  and  Ufe  of  this  Reticulum  is  thus  :  Firft,  Take  two  Object  Lenfes  of 
Telefcopes  of  the  fame  Focus,  or  nighly  the  fame,  which  join  together.  As  for  example, 
The  Focus  of  two  Lenfes  together  of  eight  Feet,  which  is  the  fit  length  of  a  Telefcope  for 
obferving  Eclipfes,  unlefs  the  Beginning  and  the  End  of  Solar  ones,  which  require  a  longer 
Telefcope  exactly  to  determine  them. 

Secondly,  We  find  from  Tables,  that  the  greateft  Diameter  of  the  Moon  at  the  Altitude 
of  90  deg.  is  34  min.  6  fee.  To  which  adding  10  fee  and  there  will  arife  34  min.  16 
fee.  Therefore  fay,  As  Radius  is  to  the  Tangent  of  17  min.  8  fee.  (the  half  of  34  min.  16 
fee.)  fo  is  8  Feet,  or  the  focal  Length  of  the  two  Lenfes  to  the  parts  of  a  Foot,  which  dou- 
bled will  fubtend  an  Angle  of  34  min.  16  fee.  in  the  Focus  of  the  Telefcope,  and  this 
will  be  the  Diameter  of  the  faid  Circular  Reticulum. 

Thirdly,  Upon  a  very  flat,  clear,  and  well  polifhed  piece  of  Glafs,  defcribe  lightly  with 
the  point  of  a  Diamond,  fattened  to  one  of  the  Legs  of  a  pair  of  CompalTes,  fix  Concentric 
Circles  equally  diftant  from  each  other.  The  Semidiameter  of  the  greateft  and  laft  let  be 
equal  t'o  the  fourth  Term  before  found.  Likewife  draw  two  Diameters  to  the  greateft  Circle 
at  Ri^ht  Angles.  The  flat  piece  of  Glafs  being  thus  prepared  and  put  into  the  Tube,  of 
which  we  have  before  fpok  en,  and  in  the  Focus  of  the  Telefcope,  will  be  a  very  proper 
Reticulum  for  obferving  Solar  and  Lunar  Eclipfes,  and  it  will  divide  all  the  apparent 
Diameters  into  twelve  equal  Parts  or  Digits,  as  we  are  now  going  to  explain. 

It  is  manifeft  from  Dioptricks,  that  all  Rays  coming  from  Points  of  a  diftant  Object,  after 
their  Refraction  by  two  Convex  Lenfes,  either  join'd  or  fomething  diftant  Irom  each  other, 
will  be  painted  in  the  common  Focus  of  the  faid  Lenfes,  which  will  appear  fo  much  the 
greater  according  as  the  Lenfes  be  diftant  from  one  another  ;  fo  that  they  will  appear  the 
0  J  D  U  u  fmalleft 
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fmalleft  when  the  Lenfes  are  joined  together.  Therefore  if  the  Object-Glafles  ufed  in  this 
Conftruction,  be  each  put  into  a  Tube,  and  one  of  thefe  Tubes  Hides  within  the  other,* 
then  the  faid  Lenfes  being  thus  joined,  the  Image  of  a  diftant  Object,  whofe  Rays  fall  upon 
the  Lenfes  under  an  Angle  of  34  min.  16  fee.  will  exceed  the  Moon's  greatest  apparent 
Diameter  by  10  fee  Therefore  in  moving  the  Lenfes  by  little  and  little,  fuch  a  Pofition  may 
be  found,  wherein  the  Diameter  of  the  greateft  Circle  on  the  Reticulum  pofited  in  the  Fo- 
cus, will  anfwer  to  an  Angle  of  34  min.  16  fee.  For  the  Image  of  an  Object  perceived 
under  a  lefs  Angle,  may  be  equal  to  the  Image  of  the  fame  Object  perceived  under  a  greater 
Angle,  according  to  the  different  Lengths  of  the  Foci.  But  the  Reticulum  is  in  a  feparate 
Tube,  and  fo  it  may  be  removed  at  a  diftance  at  pleafure  from  the  Object- Glaffes.  We 
now  proceed  to  lay  down  two  different  Ways  of  finding  the  Positions  of  the  Lenfes  and 
Reticulum,  proper  to  receive  the  different  Diameters  of  the  Sun  and  Moon. 

Firft,  In  a  very  level  and  proper  Place  for  making  Obfervations  with  Glaffes,  place  a 
Board,  with  a  Sheet  of  Paper  thereon,  directly  expofed  to  the  Tube's  Length,  having  two 
black  Lines  drawn  upon  it  parallel  to  each  other,  and  at  fuch  a  Diftance  from  each  other, 
that  it  fubtends  an  Angle  of  34  min.  6  fee.  fo  that  the  Diftance  of  the  faid  two  Lines, 
reprefented  in  the  Focus  of  the  Object-Glades,  may  likewife  fubtend  an  Angle  of  34  min. 
6  fee.  And  this  may  be  found  in  reafoning  thus,  (as  we  have  already  done  tor  the  Micro- 
meter) As  Radius  is  to  the  Tangent  of  17  min.  3  fee.  fo  is  the  Diftance  from  the  Tube  of 
the  Object-Glaffes  to  the  Board,  to  half  of  the  Diftance  that  the  parallel  Lines  on  the 
Paper  muft  be  at.  And  thus  we  fhall  find  by  Experience  the  Place  of  each  Object-Glafs, 
and  the  Reticulum  in  the  common  Focus,  in  fuch  manner  that  the  Reprefentation  of  the 
two  black  Lines  on  the  Paper,  embaraffes  entirely  the  Diameter  of  the  greateft  Circle  of 
the  faid  Reticulum.  Now  we  fet  down  34  min.  6  fee.  upon  the  Tubes,  in  each  Pofition 
of  the  Lenfes  and  their  Foci,  or  the  Reticulum,  that  fo  the  Lenfes  and  Reticulum  may  be 
adjufted  to  their  exact  Diftance,  every  time  an  Angle  of  34  deg.   6  min.  is  made  ufe  of. 

Again,  Let  the  faid  Board  and  white  Paper  be  placed  further  from  the  Tube,  in  fuch 
manner,  that  the  Diftance  between  the  parallel  Lines  on  the  Paper  fubtend,  or  is  the  Bafe 
of  an  Angle  of  33  min.  for  example,  whofe  Vertex  is  at  the  Lentfes  of  the  Telefcope  :  which 
may  be  done,  inlaying,  As  the  Tangent  of  i5min.  30  fee.  if  to  Radius  ;  fo  is  half  the 
Interval  of  the  parallel  Lines  on  the  Paper,  to  the  Diftance  of  the  Board  from  the  Lenfes. 
Now  in  this  Pofition  of  the  Telefcope  and  Board,  the  Pofition  of  the  Lenfes  and  Reticulum 
between  themfelves  muft  be  found  ;  fo  that  the  Reprefentation  of  the  parallel  Lines,  which 
appear  very  diftinctly  in  the  Focus  of  the  Lenfes,  occupies  the  whole  Diameter  of  the 
greateft  Circle  on  the  Reticulum.  This  being  done,  the  Number  33  min.  muft  be  made 
upon  the  Tubes,  in  the  Places  wherein  each  of  the  Lenfes  and  Reticulum  ought  to  be.  Pro- 
ceed in  this  manner  for  the  Angles  of  32  min.  3  1  min.  30  min.  and  20  min. 

If  the  Diftances,  denoted  upon  the  Tubes  between  the  different  Pofitions  of  the  Lenfes 
and  the  Reticulum,  anfwering  to  a  Minute,  be  divided  into  60  equal  Parts,  we  fhall  have 
their  Pofitions  for  every  Second  ;  and  by  this  means  the  fame  Circle  of  the  Reticulum  may 
be  accommodated  to  all  the  different  apparent  Diameters  of  the  Sun  and  Moon,  and  the 
Diameter  of  the  greateft  Circle  being  divided  into  12  equal  Parts,  it  will  ferve  to  meafure 
the  Quantities  of  all  folar  and  lunar  Eclipfes. 

The  fecond  Method  taken  from  Opticks,  being  not  founded  upon  fo  great  a  Number  of 
Experiments  as  the  former,  may  perhaps  appear  eafier  to  fome  Perfons;  for  the  Foci  of  both 
the  Lenfes  being  known,  fay,  As  the  Sum  of  the  focal  Lengths  of  the  Lenfes  (whether  they 
be  equal  or  not)  lefs  the  Diftance  between  the  Lenfes,  is  to  the  focal  Length  of  the  out- 
ward Lenfes,  lefs  the  Diftance  between  the  Lenfes  •  fo  is  this  fame  Term,  to  a  fourth 
which  being  taken  from  the  focal  Length  of  the  outward  Lens,  there  remains  the  Diftance 
from  the  outward  Lens,  to  the  common  Focus  of  the  Lenfes,  which  is  the  Place  of  the 
Reticulum. 

The  Pofition  of  the  common  Focus  of  the  Lenfes  may  alfo  be  known  by  this  Method  ; 
when  they  be  joined,  in  ufing  the  aforefaid  Analogy,  without  having  any  regard  to  the  Dif- 
tance between  the  Lenfes,  which  is  computed  from  the  Places  of  the  Lenfes  Centers  j 
therefore  in  fuppofing  feveral  different  Diftances  between  the  Object-Lenfes,  the  Length  of 
their  Foci  will  be  had,  that  is,  the  Place  of  the  Reticulum,  correfpondent  to  each  Dif- 
tance. 

Again,  fay,  As  the  known  focal  Length  is  to  the  Semidiameter  of  the  Reticulum,  be  it 
what  it  will  •  fo  is  Radius,  to  the  Tangent  of  the  Angle  anfwering  to  the  Semidiameter  of 
the  Reticulum.  By  this  Method  we  may  likewife  have  the  Magnitude  of  the  faid  Reticu- 
lum, in  faying,  As  Radius  is  to  the  Tangent  of  an  Angle  of  17  min.  3  fee.  fo  is  the  focal 
Length  of  the  Lenfes,  to  the  Semidiameter  of  the  outward  concentrick  Circle.  Having 
thus  found  the  Minutes  and  Seconds  fubtended  by  the  Diameter  of  the  greateft  Circle  of 
the  Reticulum,  according  to  the  different  Intervals  of  the  Lenfes,  they  muft  be  wrote  upon 
each  Tube  of  the  Lenfes  and  Reticulum,  and  the  Diftances  between  the  Terms  found,  di- 
vided into  Seconds,  as  is  mentioned 'in  the  former  Method.  And  thus  may  the  Pofitions  of 
the  Lenfes  and  Reticulum  be  foon  found,  which  fhall  contain  the  apparent  Diameters  of  the 
Sun  or  Moon,  according  as  they  appear.     If  it  be  found  very  difficult  to  draw  exaftly  the 
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conccntrick  Circles  upon  the  Piece  of  Glafs,  you  need  but  draw  thirteen  right  Lines  there- 
on with  the  Point  of  a  Diamond,  equally  diftant  and  parallel  to  each  other,  with  another 
right  Line  perpendicular  to  them  ;  but  the  Length  of  this  Perpendicular  between  the  two 
extreme  Parallels,  mud  be  equal  to  the  Diameter  of  the  Reticulum,  found  in  the  manner 
aforefaid.     This  Reticulum  may  be  ufed  inftead  of  one  compofed  of  Hairs. 

A  plain  thin  Piece  of  Glafs,  having  Lines  drawn  thereon  with  a  very  fine  Point  of  a  Dia- 
mond, may  likewife  be  ufed  in  an  Aftronomical  Telefcope,  &c.  for  if  it  be  adjufled  in  its 
proper  Frame,  in  the  manner  as  is  direded  in  the  Micrometer,  the  Lines  drawn  thereon 
may  be  ufed  inftead  of  the  parallel  Hairs.  I  am  of  opinion,  that  the  aforefaid  Reticula  are 
very  ufeful  in  practical  Aftronomy,  they  not  being  fubjed  to  the  Inconflancies  of  the  Air, 
of  being  gnawed  by  Infeds,  or  to  the  Motions  of  the  Inftrument,  which  the  Hairs  are. 

There  are  thofe  who  prefer  Hairs,  to  Lines  drawn  upon  a  piece  of  Glafs,  whofe  Surface 
may  caufe  fome  Obfcurity  to  the  Objects,  or  if  it  be  not  very  flat,  there  may  fome  Error 
arife ;  but  if  they  have  a  mind  to  avoid  thefe  Difficulties,  which  are  of  no  confequence, 
as  we  know  by  Experience,  they  may  ufe  ftraight  Glafs-Threads,  inftead  of  Hairs :  for 
fome  of  thefe  may  be  procured  as  fine  as  Hairs,  and  of  Strength  enough  to  refill  the  Incon- 
ftancies  of  the  Air. 

Altho  the  Phafes  or  Appearances  of  the  Eclipfes  of  the  Moon,  apply'd  by  Aftronomers 
to  Aftronomical  and  Geographical  Ufes,  may  be  obferved  much  eafier  and  exader  by  our 
Reticulum,  than  by  the  antient  Methods ;  yet  it  muft  be  acknowledged,  that  the  Immerfions 
into,  and  Emerfions  of  the  Moon's  Spots  out  of  the  Earth's  Shadow,  may  more  conve- 
niently be  obferved,  becaufe  of  their  great  Number,  than  the  Phafes,  and  that  there  is 
lefs  Preparation  in  ufing  a  Telefcope,  which  need  be  only  fix  Feet  in  length  :  and  in  order 
for  this,  a  Map  of  the  Moon's  Disk,  when  it  is  at  the  full,  muft  be  procured,  wherein  are 
denoted  the  proper  Names  of  the  Spots,  and  principal  Places  appearing  on  its  Disk.  This 
may  be  found  in  the  reformed  Aftronomy  of  R.  P.  Riciioli,  &c. 

There  are  great  Advantages  arifing  from  Obfervations  of  Eclipfes,  for  if  the  exad  Time 
of  the  Beginning  of  an  Eclipfe  of  the  Moon,  of  its  total  Immerlion  in  the  Shadow,  of  its 
Emerfion  and  its  End,  as  likewife  of  the  Paflage  of  the  Earth's  Shadow  by  the  Spots  on  its 
Surface,  be  obferved,  we  fhall  have  the  Difference  of  Longitude  of  the  two  Places  wherein 
the  Obfervations  are  made  ;  this  is  known  to  all  Aftronomers.  But  fince  Lunar  Eclipfes 
feldom  happen,  fo  as  that  the  Difference  of  Longitude  may  thereby  be  concluded,  the  E- 
clipfes  of  Jupiter's  Satellites  may  be  obferved  inftead  of  them;  but  principally  of  the  firft, 
whofe  Motion  about  Jupiter  being  very  fwift,  one  may  make  feveral  Obfervations  thereof 
during  the  fpace  of  one  Year;  and  from  thence  the  Difference  of  Longitude  of  the  two  Pla- 
ces, wherein  the  faid  Obfervations  are  made,  may  be  had. 

Neverthelefs  you  muft  take  notice,  that  Lunar  Eclipfes  may  much  eafier  be  obferved,1 
than  the  Eclipfes  of  Jupiter's  Satellites,  which  cannot  be  eafily  and  exadly  done  without  a 
Telefcope  of  twelve  Feet  in  length ;  whereas  the  Phafes  of  the  Beginning  or  End,  or  of 
the  Immerfion  and  Emerfion  of  Lunar  Eclipfes,  may  be  obferved  without  a  Telefcope,  and 
the  Immerfions  and  Emerfions  of  its  Spots  with  one  of  an  indifferent  length. 

M.  Cajjini,  a  very  excellent  Aftronomer  of  the  Academy  of  Sciences,  publifhed  in  the 
Year  1603,  exacl  Tables  of  the  Motions  of  Jupiter's  Satellites  ;  therefore  in  comparing  the 
Times  of  the  Immerfion  or  Emerfion  of  Jupiter's  firft  Satellite,  found  by  the  Tables  fitted, 
for  the  Obfervatory  (at  Paris)  with  the  Obfervations  thereof  made  in  any  other  Place,  we 
fhall  have,  by  the  Difference  of  Time,  the  Difference  of  Longitude  of  the  Obfervatory, 
and  the  Place  wherein  the  Obfervations  were  made  :  which  may  be  confirmed  in  obferving 
the  fame  Phenomena  in  both  Places. 

It  is  proper  here  to  inform  Obfervators  of  one  Cafe,  which  often  hinders  an  exad  Ob- 
fervation  of  Jupiter's  Satellites  ;  which  is,  that  in  a  ferene  Night,  we  often  find  the  Light 
of  Jupiter  and  its  Satellites,  obferved  thro  the  Telefcope,  to  diminifh  by  little  and  little, 
fo  that  it  is  impoffible  to  determine  exadly  the  true  Times  of  the  Immerfion  and  Emerfion 
of  the  Satellites.  Now  the  Caufe  of  this  Accident  proceeds  from  the  Object-Glafs  of  the 
Telefcope,  which  is  covered  over  with  Dew,  and  thereby  a  great  Number  of  Rays  of 
Light,  coming  from  Jupiter  and  its  Satellites,  is  hinder'd  from  coming  thro  the  Objed- 
Glafs.'to  the  Eye.  A  very  fure  Remedy  for  this,  is,  to  make  a  Tube  of  blotting  Paper ; 
that  is,  a  Tube  about  two  Feet  long,  and  big  enough  to  go  about  the  End  of  the  Tube  of 
the  Telefcope  next  to  the  Objed-Glafs,  muft  be  made,  in  rolling  two  or  three  Sheets  of 
finking  Paper  upon  each  other.  This  Tube  being  adjufted  about  the  Tube  of  the  Te- 
lefcope, will  fuck  in,  or  drink  up  the  Dew,  and  hinder  its  coming  to  the  ObjecVGlafs  ; 
and  by  this  Means  we  may  make  our  Obfervations  conveniently. 
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CHAP.    IV. 

Of  the  ConflrutTton  and  Vfe  of  an  lnflrument  fhezving  the  Eclipfes 
of  the  Sun  and  Moon,  the  Months  and  Lunar  Tears,  as  alfo  the 
Epaffs. 

Fig.  13.  r~Tp  HIS  lnflrument  was  invented  by  M.  de  la  Hire,  and  is  compofed  of  three  round 
JL  Plates  of  Brafs,  or  Pieces  of  Pafteboard,  and  an  Index  which  turns  about  a  common 
Center  upon  the  Face  of  the  upper  Plate,  which  is  the  leaft.  There  are  two  circular 
Bands,  the  one  blue,  and  the  other  white,  in  which  are  made  little  round  Holes ;  the  out- 
ward of  which  fhews  the  New  Moons,  and  the  Image  of  the  Sun  ;  and  the  inward  ones 
the  Full  Moons,  and  the  Image  of  the  Moon.  The  Limb  of  this  Plate  is  divided  into  12 
lunar  Months,  each  containing  29  Days,  12  Hours,  44  Minutes;  but  in  fuch  manner,  than 
the  End  of  the  12th  Month,  which  makes  the  Beginning  of  the  fecond  lunar  Year,  may 
furpafs  the  firft  New  Moon  by  the  quantity  of  4  of  170  Divifions,  denoted  upon  the  mid- 
dle Plate. 

Upon  the  Limb  of  this  Plate  is  faftned  an  Index,  one  of  whofe  Sides,  which  is  in  the 
fiducial  Line,  makes  part  of  a  right  Line,  tending  to  the  Center  of  the  Inftrument ;  which 
Line  alfo  panes  thro  the  middle  of  one  or  the  outward  Holes,  fhewing  the  firft  New  Moon 
of  the  lunar  Year.  Note,  The  Diameter  of  the  Holes  is  equal  to  the  Extent  of  about  4 
Degrees. 

The  Limb  of  the  fecond  Plate  is  divided  into  179  equal  Parts,  ferving  for  fo  many  lunar 
Years,  each  of  which  is  254  Days,  and  about  9  Hours.  The  firft  Year  begins  at  the  Num- 
ber 179,  at  which  the  laft  ends. 

The  Years  accomplifhed  are  each  denoted  by  their  Numbers  1,  2,  5,  4,  &c.  at  every  fourth 
Divifion,  and  which  make  four  times  a  Revolution  to  compleat  the  Number  179,  as  may 
be  feen  in  the  Figure  of  this  Plate.  Each  of  the  lunar  Years  comprehend  four  of  the  afore- 
faid  Divifions :  So  that  in  this  Figure  they  anticipate  one  upon  the  other  four  of  the  faid 
179  Divifions  of  the  Limb. 

Upon  the  Limb  of  the  fame  Plate,  under  the  Holes  of  the  firft,  there  is  a  fpace  coloured 
black,  anfwering  to  the  outward  Holes,  and  which  fhews  the  Eclipfes  of  the  Sun,  and  an- 
other red  Space,  anfwering  to  the  innermoft  Holes,  fhewing  the  Eclipfes  of  the  Moon. 
The  Quantity  of  each  Colour  appearing  through  the  Holes,  (hows  the  Bignefs  of  the 
Eclipfe.  The  middle  of  the  two  Colours,  which  is  the  middle  of  the  Moon's  Node,  anfwers 
on  one  fide  to  the  Divifion  marked  4  -f  of  a  Degree  t  and  on  the  other  fide  it  anfwers  to 
the  oppofite  Number. 

The  Figure  of  the  coloured  Space  is  fhown  upon  this  fecond  Plate,  and  its  Amplitude  or 
Extent  fhews  the  Limits  of  Eclipfes. 

The  third  and  greateft  Plate,  which  is  underneath  the  others,  contains  the  Days  and 
Months  of  common  Years.  The  Divifions  begin  at  the  firft  Day  of  March,  to  the  end  that 
a  Day  may  be  added  to  the  Month  of  February,  when  the  Year  is  Bijjextile.  The  Days  of 
the  Year  are  defcribed  in  form  of  a  Spiral,  and  the  Month  of  February  goes  out  beyond  the 
Month  of  March,  becaufe  the  lunar  Year  is  fhorter  than  the  folar  one ;  fo  that  the  15  th 
Hour  of  the  10th  Day  of  February  anfwers  to  the  Beginning  of  March:  But  after  having 
reckoned  the  laft  Day  of  February,  you  muft  go  back  again  to  have  the  firft  of  March. 
There  are  thirty  Days  marked  before  the  Month  of  March,  which  ferve  to  find  the 
Epafts. 

Note,  That  the  Days,  as  they  are  here  taken,  are  not  accomplifhed  purfuant  to  the  Ufe 
of  Aftronomers,  but  as  they  are  vulgarly  reckoned,  beginning  one  a  Minute,  and  ending  at 
the  Minute  of  the  following  Day.  Therefore  every  time  that  the  firft  Day,  or  any  other 
of  a  Month  is  fpoken  of,  we  underftand  the  Space  of  that  Day  marked  in  the  Divifions  ; 
for  we  here  reckon  the  current  Days  according  to  vulgar  Ufe. 

In  the  middle  of  the  upper  Plate  are  wrote  the  Epochs,  fhowing  the  Beginning  of  the 
lunar  Years,  with  refpecl:  to  the  folar  Years,  according  to  the  Gregorian  Calendar,  and  for 
the  Meridian  of  Paris.  The  Beginning  of  the  firft  Year,  which  muft  be  denoted  by  o,  and 
anfwers  to  the  Divifion  179,  happened  in  the  Year  1680  at  Paris,  the  29th  of  February  at 
.  14  7  Hours.  The  End  of  the  firft  lunar  Year,  being  the  Beginning  of  the  fecond,  anfsvers 
to  the  Divifion  marked  1,  which  happened  at  Paris  in  the  Year  168 1,  the  27th  of  February, 
at  22  -7  Hours,  in  counting  fucceffively  24  Hours  from  one  Minute  to  the  other.  And  left 
there  fhould  be  an  Error  in  comparing  the  Divifions  of  the  Limb  of  the  fecond  Plate  with 
the  Divifions  of  the  Epochs  of  lunar  Years  anfwering  them,  we  have  put  the  fame  Numbers 
to  them  both. 

We 
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We  have  fee  down  fucceffively  the  Epochs  of  all  the  iunar  Years,  from  the  Year  1700   to 
the  Year  1750,  to  the  end  that  the  Ufe  of  this  Inftrument  may  more  eafily  ferve  to  make 
each  of  the  aforefaid  folar  and  lunar  Years  agree  together.     As  to  the  other  Years  of  our 
Cycle  of  170  Years,  it  will  be  eafy  to  render  it  compleat,  in  adding  354  Days,  8  Hours, 
48  -f  Minutes  tor  each  lunar  Year. 

The  Index  extending  it  felt  from  the  Center  of  the  Inftrument  to  the  Limb  of  the  grea- 
teft Plate,  ferves  to  compare  the  Divifions  of  one  Plate  with  thofe  of  the  two  others.  And 
if  this  inftrument  be  apply'd  to  a  Clock,  a  perfect  and  accomplifhed  Inftrument  in  all  its 
Parts  will  be  had. 

The  Table  of  Epochs,  which  is  fitted  for  the  Meridian  of  Paris,  may  eafily  be  reduced  to 
other  Meridians  ;  if  for  the  Places  eaftward  of  Paris,  the  Time  of  the  Difference  of  Meri- 
dians be  added  ;  and  for  Places  weftward,  the  Time  of  the  Difference  of  Meridians  be 
fubftraiced. 

It  is  proper  to  place  the  Table  of  Epochs  in  the  middle  of  the  upper  Plate,  to  the  end 
that  it  may  be  feen  with  the  Inftrument. 

How  to  make  the  Divifions  upon  the  Plates. 

The  Circle  of  the  greateft  Plate  is  fo  divided,  that  368  deg.  2  min.  42  fee.  may  compre- 
hend 3  54  Days,  and  fomething  lefs  than  9  Hours;  from  whence  it  is  manifeft,  that  the 
Circle  muft  contain  346  Days,  15  Hours,  which  may  without  fenfible  Error  betaken  for 
■f  of  a  Day.  Now  to  divide  a  Circle  into  346  ~  equal  Parts,  reduce  the  whole  into  third 
Parts,  which  in  this  Example  make  1040  ;  then  feek  the  greateft  Multiple  of  3  lefs  than 
1040,  which  may  be  halved.  Such  a  Number  will  be  found  in  a  double  Geometrical  Pro- 
greffion,  whofe  firft  Term  is  3  ;  as  for  example,  3,5,  12,  24,  48,  96,  102,  384,  768. 

Now  the  pth  Number  of  this  Progreffion  is  the  Number  fought.  Then  fubftradt.  768 
from  1040,  there  will  remain  272,  and  find  how  many  Degrees,  Minutes  and  Seconds  this 
remaining  Number  makes;  by  faying,  as  1040  is  to  360  deg.  fo  is  272  to  94  deg.  9  min. 
23  fee 

Therefore  take  an  Angle  of  94  deg.  9  min.  23  fee  from  the  faid  Circle,  and  divide  the 
remaining  part  of  the  Circle  always  into  half,  after  having  made  8  Subdivifions,  you  will  come 
to  the  Number  3,  which  will  be  the  Arc  of  one  Day  ;  by  which  likewife  dividing  the  Arc 
of  94  deg.  9  min.  23  fee.  the  whole  Circle  will  be  found  divided  into  3467-  Days  ;  for  there 
will  be  256  Days  in  the  greateft  Arc,  and  oof  Days  in  the  other.  Each  of  thefe  Spaces an- 
fwer  to  1  deg.  2  min.  18  fee.  as  may  be  feen  in  dividing  360  by  346-f,  and  ten  Days 
make  10  deg.  23  min.  And  thus  a  Table  may  be  made,  ferving  to  divide  the 
Plate. 

Thofe  Days  are  afterwards  diftributed  to  each  of  the  Months  of  the  Year,  according 
to  the  Number  correfponding  to  them,  in  beginning  at  the  Month  of  March,  and  continuing 
on  to  the  15  th  Hour  of  the  10th  of  February,  which  anfwers  to  the  beginning  of  March, 
and  the  other  Days  of  the  Month  of  February  go  on  farther  above  March. 

The  Circle  of  the  Second  Plate  muft  be  divided  into  179  equal  Parts  ;  to  do  which,  feek 
the  greateft  Number  which  may  be  continually  bife&ed  to  Unity,  and  be  contained  exactly 
in  1J9  :  you  will  find  128  to  be  this  Number,  which  take  from  170,  and  there  remains  51. 
Now  find  what  part  of  the  Circumference  of  the  Circle  the  faid  Remainder  makes  ;  in  fay- 
ing, As  179  Parts  is  to  360  deg.  fo  is  5  1  Parts  to  102  deg.  34  min.  1 1  fee. 

Therefore  having  taken  from  the  Circle  an  Arc  of  102  deg.  34  min.  n  fee.  divide  the 
remaining  part  of  the  Circle  always  into  half;  and  after  having  made  feven  Subdivifions,  you 
Will  come  to  Unity  :  whence  this  part  of  the  Circle  will  be  divided  into  128  equal  Parts  ; 
and  then  the  remaining  5 1  Parts  may  be  divided,  by  help  of  the  laft  opening  of  tne  Com- 
pares. Wherefore  the  whole  Circumference  will  be  found  divided  into  170  equal  Parts, 
every  of  which  anfwers  to  2  deg.   40  fee.  as  may  be  feen  in  dividing  360  by  170. 

Laftly,  To  divide  the  Circle  of  the  upper  Plate,  take  one  fourth  of  its  Circumference, 
and  add  to  it  one  of  the  170  Parts  or  Divifions  of  the  Limb  of  the  middle  Plate ;  the  Com- 
panies opened  to  the  extent  of  the  Quadrant  thus  augmented,  being  turned  tour  times  over, 
will  divide  the  Circle  in  the  manner  as  it  ought  to  be  :  for  in  fubdiving  every  of  the  Quar- 
ters into  three  equal  Parts,  one  will  have  twelve  Spaces  for  the  twelve  Lunar  Months,  in 
fuch  manner,  that  the  end  of  the  12th  Month,  which  makes  the  beginning  of  the  Lunar 
Year,  exceeds  the  firft  New  Moon  by  4  of  the  170  Divifions,  marked  upon  the  middle 
Plate. 

Ufe    of  this    Inftrument. 
A  Lunar  Year  being  propofed,  to  find  the  Days  of  the   Solar  Year  correfponding  to  it, 
in  which  the  New  and  Full  Moons,  together  with  the  Eclipfes,  ought  to  happen. 

For  example;  Let  the  24th  Lunar  Year  of  the  Table  of  Epochs  be  propofed,  which  an- 
fwers to  the  Divifion  24  of  the  middle  Plate.  Fix  the  Fiducial  Line  of  the  Index  on  the 
upper  Plate,  over  the  Divifion  marked  24,  in  the  middle  Plate,  wherein  the  beginning-  of 
the  25  th  Lunar  Year  is;  and  feeing  by  the  Table  of  Epoch*,  that  that  beginning  falls  upon 
the  14th  Day  of  June,  of  the  Year  1703,  at  9  Hours,  52  Minutes,  turn   the  two  upper 
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Plates  together,  in  the  Pofition  they  are  in,  till  the  Fiducial  Line  of  the  Index,  faftcned  to  the 
upper  Plate,  anfwers  to  the  ic//>Hour,  or  thereabouts,  of  the  i^th  of  June,  denoted  upon 
the  undermoft  Plate  ;  at  which  time,  the  firft  New  Moon  of  the  propoied  Lunar  Year  hap- 
pens :  for  then  the  Fiducial  Line  partes  thro  the  middle  of  the  hole  of  the  firft  New 
Moon   of   the   find   Lunar  Year. 

Afterwards,  without  changing  the  Situation  of  the  three  Plates,  extend  a  Thread  from 
the  Center  of  the  Initrument,  or  the  moveable  Index,  making  it  pafs  thro  the  middle 
of  the  hole  of  the  firft  Full  Moon  ;  and  the  Fiducial  Line  will  anfwer  to  the  beginning  of 
the  29th  Day  of  June,  at  4  hours  and  a  quarter  ;  which  is  the  time  that  that  Full  iVloon'Ws 
totally  Eclipfed,  as  appears  by  the"  red  Colour  quite  filling  the  hole,  fhowing  the  Full 
Moon. 

By  the  fame  means  we  may  know,  that  at  the  time  of  the  Full  Moon,  which  happened 
about  the  third  Hour  in  the  Morning,  of  the  14th  of  July,  there  was  a  partial  Eclipfe  0f 
the  Sun. 

If  we  proceed  farther,  the  Eclipfes  may  be  known  which  happened  in  the  Month  of 
December,  in  the  Year  1703,  and  towards  the  beginning  of  the  following  Year.  But  becaufe 
the  10th  New  Moon  goes  out  beyond  the  28^/;  day  of  February,  having  brought  the  Index 
to  the  2$tl>  day  of  February,  move  the  two  upper  Plates  backwards,  conjointly  with  the 
Index  (in  the  Pofture  they  are  found  in)  until  the  Fiducial  Line  happens  over  the  be- 
ginning of  March  ;  whence  moving  the  Index  over  all  the  holes  of  the  New  and  Full 
Moons,  and  the  laft  Plate  will  fhew  the  times  in  which  the  Eclipfes  ought  to  happen. 

But  becaufe  the  13th  New  Moon  is  the  firft  of  the  fucceeding  Lunar  Year,  which  an- 
fwers to  the  Number  25  of  the  Divifions  of  the  middle  Plate,  leave  the  two  undermoft 
Plates  in  the  pofture  they  are  found,  and  move  forwards  the  upper  Plate  till  the  Fiducial 
Line  meets  with  the  Number  25  of  the  middle  Plate,  at  which  Point  it  will  fhew  upon  the 
greateft  Plate,  the  firft  New  Moon  of  the  26th  Lunar  Year,  according  to  the  order  of  our 
Epoch,  which  happened  the  2d  Day  of  June,  18  hours  40  minutes  of  the  Year  1704 ;  and 
afterwards  moving  the  Index  over  the  middle  of  the  holes  of  the  New  and  Full  Moons  it 
will  fhew  upon  the  laft  Plate  the  Days  they  happened  on,  as  well  as  the  Eclipfes  to  the  end 
of  February  :  after  which,  the  fame  Operation  muft  be  made  for  the  preceding  Year  that  is 
that  after  having  come  to  the  laft  Day  of  February,  you  muft  proceed  backwards  to  the  firft 
Day  of  March. 

We  might  likewife  find  the  beginnings  of  all  the  Lunar  Years  without  ufing  the  Table  of 
Epochs  ;  but  fince  it  is  not  poflible  to  adjuft  the  Plates  and  the  Index  fo  exactly   one  upon 
another,  as  that  fome  Error  may  not  happen,  which  will  augment  itfelf  from   Year  to    Year 
the  faid  Table  of  Epochs  will  ferve  to  rectify  the  Ufe  of  this  Inftrument. 

In  placing  the  Fiducial  Line  of  the  Index  upon  the  Moon's  Age,  between  the  Days  of  the 
Lunar  Months,  denoted  upon  the  Limb  of  the  upper  Plate,  the  correfpondent  Days  of 
the  common  Months  will  be  fhewn,  and  the  Hours  nearlv,  upon  the  Limb  of  the  lower 
Plate. 

Note,  That  the  Calculations   of  the  Table  of  Epochs  are  made  for  the   mean  Time  of 
the  Full  Moons,  which  fuppofes   the  Motions    of  the  Sun  and  Moon  always  equable ;  from 
whence  there  will  be  found  fome  Difference  between  the  apparent  Times  of  the  New  Moons 
Full  Moons  and  Eclipfes,  as  they  appear  from  the  Earth,  and  the  times  found  by  that  Table. 
The  proper  Motions  of  the  Sun  and  Moon,  as  well  as  thofe  of  the  other  Planets,  appear  to 
us  fometimes  fwitt,  and  fometimes  flow ;  which  apparent  Inequality   in   part   proceeds  from 
their  Orbits    being  not    concentric  with    the  Earth,  and  in  part  from  hence,   that  the  equal 
Arcs  of  the  Ecliptick,  which  are  oblique  to  the  Equator,  do   not  always  pafs   thro  the  Me- 
ridian with  the  equal  Parts  of  the  Equator.     Aftronomers,  for  theeafe  of  Calculation,  have 
fifted  a  Motion  which  they  call  mean  or  equable,  in  fuppofing  the  Planets   to  defcribe  equal 
Arcs  of  their  Orbits,  in  equal  Times.     That   Time  which    they  call    true  or  apparent,  is 
the  meafure  of  true  or  apparent  Motion,  and  mean  Time  is   the  meafure  of  mean   Motion. 
They  have  likewife  invented  Rules  for  reducing  mean  Time  to  true  or  apparent  Time    and 
contrariwife,  for  reducing  true  or  apparent  Time  to  mean  Time. 

To  find  by  Calculation  whether  there  will  happen  an   Eclipfe   at  the  time   of  the   New  or 

Full   Moon. 

For  an  Eclipfe  of  the  Sun,  multiply  by  7361,  the  Number  of  Lunar  Months  accom- 
plifhed  from  that  which  begun  the  8th  of  January,  1701,  according  to  the  Gregorian 
Calendar,  to  that  which  you  examine,  and  add  to  the  Product  the  Number  33890  ;  then  di- 
vide the  Sum  by  43200  ;  and  after  the  Divifion,  without  having  regard  to  the  Quotient, 
examine  the  Remainder,  or  the  difference  between  the  Divifor  and  the  Remainder :  for  if 
either  of  them  be  lefs  than  4060,  there  will  happen  an  Eclipfe  of  the  Sun. 

But  to  find  an  Eclipfe  of  the  Moon,  likewife  multiply  by  7361,  the  Number  of  Lunar 
Months,  accomplished  from  that  which  begun  the  8th  of  January,  1701,  to  the  New  Moon 
preceding  the  Full  Moon  examined  ;  add  to  the  Product  37325,  and  divide  the  Sum  by  43200. 
The  Divifion  being  made,  if  the  Remainder,  or  the  difference  between  the  Remainder  and 
the  Divifor  be  lefs  than  2800,  there  will  be  an  Eclipfe  of  the  Moon. 

Note, 
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Note,  An  Eclipfe  of  the  Sua  or  Moon  will  be  fo  much  the  greater,  as  the  Remainder  or 
Difference  is  letter;  and  contrariwife. 

Example   of  an  Eclipfe  of  the  Sun. 

It  is  required  to  find,  whether  at  the  New  Moon  of  the  2 2d  of  May,  in  the  Year  1705, 
there  happened  an  Eclipfe  of  the  Sun. 

From  the  8th  of  January,  1701,  tothe22d  of  May,  1705,  there  was  accomplifhed  54 
Lunations.  Multiply,  according  to  the  Rule,  the  Number  54  by  7361,  and  add  to 
the  Product  23890:  the  Sum  being  divided  by  43200,  there  will  remain  42584, 
which  is  greater  than  4060  ;  and  the  Difference  between  the  Remainder  42584,  and  the 
Divifor  43200,  is  616,  which  is  lefs  than  4060  :  therefore  there  was  then  an  Eclipfe  of  the 

Sun. 

Example  of  an  Eclipfe  of  the  Moon. 

It  is  required  to  find  whether  the  Full  Moon  of  the  27th  of  April,  in  the  Year  170^, 
was  eclipfed. 

From  the  8th  of  January,  in  the  Year  1701,  to  the  New  Moon  preceding  the  Full  Moon 
in  quettion,  there  were  65  Lunar  Months  accomplifhed  ;  therefore  having  multiplied,  accord- 
ing to  the  Rule,  the  Number  65  by  7361,  and  added  to  the  Product  37326,  the  Sum  will 
be  515791  ;  which  being  divided  by  43200,  without  having  any  regard  to  the  Quotient,  the 
Remainder  will  be  40591,  greater  than  2800.  The  Difference  between  the  Divifor  and  the 
Remainder  is  609,  which  is  lefs  than  2800  ;  therefore  there  was  an  Eclipfe  of  the  Moon  the 
27th  day  of  April,   ijo6. 

CHAP.    V. 

The  Defer ipt ion  of  a   Second  Pendulum  Clock  for  Agronomical 

Observations. 

THE  Figure  here  adjoined,  fhews  the  Compofition  of  a  Second  Pendulum  Clock,  Plate  ijl 
whofe  two  Plates  A  A  and  B  B,  are  about  half  a  Foot  long,  and  two  Inches  and  a  Fig*  *• 
half  broad,  having  four  little  Pillars  at  the  four  Corners,  that  fo  they  may  be  an  Inch 
and  a  half  dittant  from  each  other.  Thefe  Plates  ferve  to  fuftain  the  Axes  of  the  principal 
Wheels,  the  firft  of  which  being  the  loweft,  and  figured  C  C,  hath  80  Teeth.  The  Axis 
of  this  Wheel  hath  a  little  Pulley,  having  feveral  Iron  Points  D  D  round  about  the  fame, 
in  order  to  hold  the  Cord  to  which  the  Weights  are  hung,  in  the  manner  as  we  fhall  ex- 
plain by  and  by.  The  Wheel  C  C,  being  turned  by  the  Weight,  likewife  turns  the  Pinion 
E  of  eight  Teeth,  and  fo  moves  the  Wheel  F,  which  is  fattened  to  the  Axis  of  the  Pinion 
E  ;  this  Wheel  hath  forty-eight  Teeth,  which  falling  into  the  Teeth  of  the  Pinion  G,  whofe 
Number  is  eight,  moves  the  Wheel  H,  (made  in  figure  of  a  Crown)  confiding  of  forty- 
eight  Teeth.  Again,  The  Teeth  of  this  laft  Wheel  fall  into  the  Teeth  of  the  Pinion  I, 
whofe  Number  is  twenty-four,  and  the  Axis  thereof  being  upright,  carries  the  Wheel  K  ot" 
15  Teeth,  which  are  made  in  Figure  of  a  Saw  :  Over  this  Wheel  is  a  crofs  Axis,  having 
two  Palats  L  L,  fuftained  by  the  Tenons  N,  Q^and  P,  which  are  fattened  to  the  Plate  B  B. 
It  mutt  be  obferved,  that  as  to  the  Tenons  N  and  Q,  the  lower  part  Q_  appearing,  hath  a 
great  hole  drilled  therein,  that  the  Axis  L  M  may  pafs  thro  it  ;  this  part  Q^  which  is 
fattened  to  the  lower  part  of  the  Tenon  N,  likewife  holds  the  Wheel  K,  and  the  Pinion  I. 
There  is  a  great  Opening  in  the  Plate  B  B,  in  order  for  the  Axis  and  the  Palats  to  go  out  be- 
yond it.  One  end  of  this  Axis  (as  I  have  already  mentioned)  goes  into  the  Tenon  P, 
and  fo  moves  eafier  than  if  it  was  fuftained  by  the  Plate  B  B,  and  then  go  out  be- 
yond the  faid  Plate,  which  it  mutt  neceffarily  do,  that  fo  the  little  Stern  S,  fixed  thereto,  may 
freely  vibrate  with  the  faid  Axis,  and  the  Teeth  of  the  Wheel  K  alternately  meet  the  Palats 
L  L,  as  in  common  Clocks. 

The  lower  part  of  the  little  Stern  S  is  bent,  and  a  flit  made  therein,  thro  which  goes  art 
Iron-Rod,  ferving  as  a  Pendulum,  having  the  Lead  X  at  the  end  thereof.  This  Rod  is 
fattened  in  V  to  a  very  thin  piece  of  Brafs  or  Steel,  which  vibrates  between  two  Cycloidal 
Cheeks  T  T,  (one  of  which  is  feen  in  Fig.  1,  and  both  in  Fig.  2.)  of  which  more  hereafter. 

It  is  eafy  to  perceive  in  what  manner  this  Clock  goes  by  the  force  of  the  Wheels  car- 
ried round  by  the  Weight :  for  the  Motion  is  continued  by  the  Pendulum  V  X,  when  the 
faid  Pendulum  is  fet  a  going  ;  becaufe  the  little  Stern  S,  altho  very  light,  being  in  moti- 
on, not  only  goes  with  the  Pendulum,  but  likewife  by  its  Vibrations  ttill  affifts  the  Mo- 
tion fome  fmall  matter,  and  fo  renders  it  perpetual,  which  otherwife  by  Fri&ion  and  the 
Air's  refiftance,  would  come  to  nothing.  But  becaufe  the  Property  of  the  Pendulum  is  to 
move  equably  always,  provided  its  length   be  the  fame,  the  faid  Pendulum  will  caufe  the 

Wheel 


172  The  ConfiruBion  and  Ufes        Book  VI 

Wheel  K  to  go  neither  too  fa  ft  nor  too  flow,  (as  happens  to  Clocks  not  having  Pendulums) 
every  Tooth  is  obliged  to  move  equably  ;  therefore  the  other  Wheels,  and  the  Hands  of 
the  Dial-plate,  are  neceifarily  conitramed  to  perform  their  Revolutions  equably,  Whence 
if  there  fhouid  be  (cmc  Default  in  the  Conftrudion  of  the  Clock,  or  if  the  Axes  of  the 
Wheels  do  not  move  freely  on  account  of  the  Intemperance  of  the  Air,  provided  the  Cloci* 
does  not  ftand  ilill ;  we  have  nothing  to  fear  from  thefe  Inequalities,  for  the  Clock  will 
always  go  true. 

As  to  the  Hands  for  fhewing   the  Hours,  Minutes,   and   Seconds,  we  difpofe  them  in 
the  following  manner.     The  third  Plate  Y  Y    is  parallel  to   the   two  precedent   ones,    and 
is  three  Lines   diftant  from  A  A.     We  defcribe  a  Circle  about  the  Center   a,  which  is  the 
middle  of  the  Axis,  carrying  the  Wheel  C,  continued   out   beyond  the   Plate   A  A.     This 
Circle  is  divided  into  12  equal  Parts,  for  the  Hours.     We    likewife  defcribe  another  Circle 
about  the  (aid  Center,  and  divide  it  into  60  equal  Parts,  for  the  Minutes  in  an  Hour.     We 
place  the  Wheel  b  upon  the  Axis  R,  continued  out  beyond  the  Plate  A  A,  faftened  to  a  little 
Tube,  going  out  beyond  the  Plate  Y  Y   to  t.     This  Tube   is  put  about  the  Axis  R,  and 
turns  about  with  it,  in  fuch  manner  neverthelefs,  that  it  may  be  turned  only  when  there  is 
neceflity.     We  place  the  Hand  (hewing  the  Minutes  in  e,  which  makes  one  Revolution  in  an 
Hour.     The  beiorementioned  Wheel  b  moves  the  Wheel  b,  having  the  fame  Number  of 
Teeth  as  that,  ■*>.%.  30  ;  and  the  Teeth  of  the  Wheel  /falls  into  the  Teeth  of  the  Pinion  hy 
whofe  Number  is  6,  and  they  have  a  little  Axis  common  to  them,  which  is  partly  fuftained 
by  the  Tenon  d.     This  Pinion  moves  round  the  Wheel/,  having  ji  Teeth,  faftened  to  a 
little  Tube  g,  which  is  put  about  the  Tube  carrying  the  Wheel  b.     Now  the  Hand  fhew=- 
ing  the  Hours  muft  be   placed  upon  the  Extremity  of  the  Tubeg,  and  will  be  fhorter  than 
that  denoting  the  Minutes.     But  that  one  may   not  be  deceived  in  reckoning  of  Seconds, 
we   place  a  round  Plate  m  m  upon  the  Extremity  of  the  Axis  of  the  Wheel  H,  divided  in^ 
to  Co  equal  Parts,  and  make  an  opening  Z  in  the  Plate  Y,  in  the  upper  part  of  which  Open= 
ing  is  a  {mail  Point  0,  which,  as  the  faid  Plate  turns  about,   fhews   the  Seconds,     The  Dif- 
podtion  of  the  Hands  and  Circles  will  be   eafier   feen  in   Figure  3,  which  reprefents    the 
Outlide  of  the  Clock. 

Now  having  fpoken  of  the  Difpofition  of  the  Wheels,  the  next  thing  is  to  determine 
the  Length  of  the  Pendulum,  which  muft  be  fuch,  that  every  of  its  Vibrations  be  made 
in  a  Second  of  Time.  This  Length  muft  be  3  Feet  8  7  Lines  (of  Paris)  from  the  Point 
of  Sufpenfion,  which  is  the  Center  of  the  Cycloidal  Cheeks,  to  the  Center  of  the 
Weight  X. 

We  now  proceed  to  fay  fomething  concerning  the  Times  of  the  Revolutions  of  the 
Wheels  and  the  Hands,  in  order  to  confirm  what  we  have  already  faid  of  the  Number  of 
Teeth.  Now  one  Revolution  of  the  Wheel  C  C,  makes  ten  Revolutions  of  the  Wheel  F, 
fixty  of  the  Wheel  H,  and  one  hundred  and  twenty  ot  the  upper  Wheel  K,  which  having 
15  Teeth,  and  alternately  pufhing  the  Palats  L  L,  makes  thirty  Vibrations,  which  are  fo 
many  goings  and  comings  of  the  Pendulum  V  X.  Whence  120  Revolutions  of  the  Wheel 
K,  is  equal  to  3  Coo  Viberations  of  the  Pendulum,  which  are  the  Seconds  contained  in  one 
Hour;  and  fo  the  Wheel  C  makes  one  Revolution  in  an  Hour,  and  the  Hand  e  faftened 
thereto,  fliews  the  Minutes;  and  becaufe  the  Wheel  b  makes  its  Revolution  in  the  fame 
time,  (#«■:  an  Hour)  the  Wheel  h  hath  the  fame  Number  of  Teeth  as  b,  and  the  Pinion 
on  the  fame  Axis  hath  fix  Teeth  ;  and  fince  the  Number  of  Teeth  of  the  Wheel  /  is  twelve 
v times  greater,  the  faid  Wheel  will  go  round  once  in  12  Hours,  as  likewife  the  Hand  % 
faftened  thereto.  Finally,  Becaufe  the  Wheel  H  is  making  fixty  Revolutions  in  the  fame 
time  the  Wheel  C  C  is  making  one,  therefore  the  circular  Plate  Z,  having  the  Seconds  deno^ 
ted  thereon,  will  move  once  Round  in  a  Minute  ;  and  fo  every  6otb  part  of  the  faid  Plate  will 
{hew  one  Second.     , 

The  Weight  X,  at  the  end  of  the  Pendulum,  muft  weigh  about  3  Pounds,  and  be  of 
Lead  covered  with  Brafs.  Regard  muft  not  only  be  had  to  its  Weight,  but  likewife  to  its 
Fi?,ure>  which  is  of  confequence,  becaufe  the  leaft  Refiftance  of  the  Air  is  prejudicial 
thereto;  whence  we  make  it  in  form  of  a  Convex  Cylinder,  whofe  ends  are  pointed,  as  ap^ 
pears  in  Figure  3.  wherein  the  Pendulum  is  reprefented,  tho  the  Weights  at  the  end  of 
the  Pendulums  made  for  thefe  Clocks  ufed  at  Sea  are  in  the  Figure  X,  in  form  of  a  Lens, 
this  Figure  being  found  more  proper  than  the  other. 

In  the  fame  Figure  may  likewife  be  feen  the  manner  of  the  Difpofition  of  the  Weight  bf 
in  order  to  fo  move  the  Clock,  that  it  may  not  ftand  ftill  while  the  W'eight  b  is  drawing  up  > 
and  this  is  done  by  means  of  a  Cord,  one  end  of  which  muft  firft  be  faftened  to  a  piece  of 
Iron  fixed  to  the  Plate  A  A,  (of  Figure  1.)  and  then  it  muft  be  put  about  the  Pulley  ff 
of  the  Weight  b  ;  afterwards  over  the  Pulley  d,  (which  hath  Iron  Points  round  it  in  figure 
of  the  Teeth  of  a  Saw,  for  hindering,  left  the  Weight  b  ihould  pull  the  Cord  down  all  at 
once)  then  about  the  Pulley  /of  the  Weight  g,  and  laft  of  all  the  other  end  of  the  faid 
Cord  muft  be  fixed  to  fome  proper  Place.  Things  being  thus  difpofed,  it  is  manifeft  that 
half  of  the  Weight  b  moves  the  Wheels  round,  and  that  the  Motion  of  the  Clock  doth  not 
ceafe,  when  the  Cord  c  is  pulled  with  one's  Hand  in  order  to  draw  the  Weight  b  up.  Notef 
The  Weight  g  is  for  fuftaining  the  Weight  b,  and  need  not  be  nearfo  big. 
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The  Weight  of  b  cannot  be  certainly  determined  by  Reafoning,  but  the  lefs  it  is  the  bet- 
ter, provided  it  be  TufEcicnt  to  make  the  Clock  go.  They  weigh  generally  about  fix 
Pounds  in  the  beft  kind  of  thefe  Clocks  that  have  yet  been  made,  whereof  the  Diameter  of 
the  Pulley  D  is  one  Inch,  the  Weight  of  the  Pendulum  X  three  Pounds,  and  its  Length  three 
Feet  8  7  Lines.  Note,  It  this  Clock  be  at  the  height  of  a  Man  above  the  Ground,  it  will  go 
30  Hours. 

We  now  proceed  to  (hew  the  manner  of  making  the  Cycloidal  Cheeks  between  which  the  Fig.  4, 
Pendulum  fwings,  and  in  which  the  whole  Exa&nefs  of  the  Clock  confifts.  In  order  to 
do  which,  defcribe  the  Circle  A  F  B  K,  whofe  Diameter  A  B  let  be  equal  to  half  of 
the  Length  of  the  Pendulum  ;  afTume  the  equal  Parts  of  the  Circumference  A  C,  C  D,  DE, 
E  F  and  A  G,  G  H,  H  I,  I  K,  and  draw  the  Lines  G  C,  H  D,  IE  and  K  F,  from  one 
Divifion  to  the  other,  which  Lines  will  be  parallel.  Now  make  the  Line  L  M  equal  to  the 
Arc  A  F,  which  divide  into  the  fame  Number  of  equal  Parts  as  A  F,  and  afl'ume  one  of 
thefe  Parts,  which  lay  off  upon  the  Line  C  G,  from  C  to  N,  and  G  to  O.  Again,  Lay  off 
two  of  the  faid  equal  Parts  of  the  Line  L  M,  upon  the  Line  D  H,  from  D  to  P,  and  from 
H  to  Q.  Moreover,  Affume  three  of  the  faid  equal  Parts  upon  the  Line  L  M,  which  lay 
oft*  upon  I  E  from  E  to  R,  and  I  to  S.  And  finally,  Affume  four  of  the  faid  Parts  (which, 
is  the  \vhole  Length  of  the  Line  L  M)  and  lay  off  upon  K  F,  from  F  to  T,  and  K  to  V  J 
and  fo  of  other  Parts,  if  there  had  been  more  of  them  affumed  upon  the  Periphery  of  the 
Circle  AFBK.  Now  if  the  Points  N,  P,  R,  T,  as  alfo  O,  Q,  S,  V,  be  joined,  we 
fhall  have  the  Figure  of  the  Cycloidal  Cheeks,  (between  which  the  Pendulum  fwings)  which 
muft  be  afterwards  cut  out  in  Brafs.  To  draw  the  Line  L  M  equal  to  the  Arc  A  F,  af- 
fume the  two  Semi-Chords  of  the  Arc  A  F,  which  lay  off  upon  the  Line  X  V,  from  X  to  Y ; 
this  being  done,  take  the  whole  Chord  of  the  Arc  A  F,  and  lay  off  from  X  to  Z,  and  divide 
Z  Y  into  three  equal  Parts ;  one  of  which  being  laid  off  from  L  to  V,  and  the  Line  X  V  will 
be  nearly  the  Length  of  the  Arc  A  F. 

The  Ufe  of  this  Inflrument  fufficiently  appears  from  what  hath  been  already  laid. 

The  principal  Inftruments  that  an  Aftronomer  ought  to  have,  befides  a  good  Quadrant^ 
and  Pendulum  Clock,  is  a  Telefcope  feven  or  eight  Foot  long,  having  a  Micrometer  ad- 
jufted  thereto,  for  obferving  the  Digits  of  Solar  and  Lunar  Eclipfes,  as  likewife  another  of 
15  or  1 6  Foot,  for  the  Obfervation  of  Jupiter's  Satellites  i  and,  if  poffible,  a  Parallactick  In- 
flrument to  takj  the  Parallaxes  of  the  Stars. 


ADDITIONS  of  Engtifb  Inftruments; 

Of  Globes,  Spheres,  the  Aflronomical  Quadrant,  a 
Micrometer,  and  Gunterj*  Quadrant. 


CHAP.   I. 
Of  the  Globes. 

SECTION   I. 

OF  Globes  there  are  two  kinds,  viz..  Celeftial  and  Terreflrial.  The  firft  is  a  Re- Fig.  5.  && 
prefentation  of  the  Heavens,  upon  the  Convex  Surface  of  a  material  Sphere,  con- 
taining all  the  known  Stars,  after  the  manner  that  Aftronomers,  for  the  eafier 
knowing  them,  have  divided  them  into  Conflellations,  or  Figures  of  Men,  Beafts,  Fowls, 
Fifhes,  &c  according  to  the  refemblance  they  fancied  each  feledt  Number  of  Stars  formed. 
The  other  is  the  Terreflrial  Globe,  which  is  the  Image  of  the  Earth,  on  the  Convex  Surface 
of  a  material  Sphere,  exhibiting  all  the  Kingdoms,  Countries,  Iflands,  and  other  Places  fi- 
tuated  upon  it,  in  the  fame  Order,  Figure,  Dimenfions,  Situation,  and  Proportion,  refpeft- 
ing  one  another  as  on  the  Earth  itfelf. 

There  are  ten  eminent  Circles  upon  the  Globe,  fix  of  which  are  called  greater,  and  the 
four  other  lejfer  Circles. 

Y  y  A 
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A  lefl'er  Circle  is  that  which  is  parallel  to  &  greater,  as  the  Tropicks  and  Polar  Circles  are 
to  the  Equator,  and  as  the  Circles  of  Altitude  are  to  the  Horizon. 

"The  great  Circles  are, 

I.  The  Horizon,  which  is  a  bread  wooden  Circle  encompafling  the  Globe  about,  having 
two  Notches,  one  in  the  North,  the  other  in  the  South  part  thereof,  for  the  Brazen  Me- 
ridian to  fland,  or  move  round  in,  when  the  Globe  is  to  be  fet  to  a  particular  Latitude. 

There  are  ufually  reckoned  two  Horizons  .•  Firft,  The  Vifible  or  Sen/ible  Horizon,  which 
may  be  conceived  to  be  made  by  fome  great  Plane,  or  the  Surface  of  the  Sea  ;  and  which  di- 
vides the  Heavens  into  two  Hemifpheres,  the  one  above,  the  other  (apparently)  below  the 
Level  of  the  Earth. 

This  Circle  determinates  the  Rifing  and  Setting  of  the  Sun,  Moon,  or  Stars,  in  any  par- 
ticular Latitude  :  for  when  any  one  of  them  comes  juft  to  the  Eaftern  edge  of  the  Horizon,  then 
we  fay  it  Rifes  ;  and  when  it  doth  fo  at  the  Weflern  edge,  we  fay  it  Sets.  And  from  hence 
alfo  is  the  Altitude  of  the  Sun  or  Stars  reckoned,  which  is  their  height  in  Degrees  above  the 
Horizon. 

Secondly,  The  other  Horizon  is  called  the  Real  or  Rational  Horizon,  and  is  a  Circle  encom- 
pafling the  Earth  exa&Iy  in  the  middle,  and  whofe  Poles  are  the  Zenith  and  Nadir,  that  is  two 
Points  in  its  Axis,  each  90  deg.  diftant  from  its  Plane,  (as  the  Poles  of  all  Circles  are)  the 
one  exactly  over  our  Heads,  and  the  other  dire&ly  under  our  Feet.  This  is  the  Circle  that 
the  wooden  Horizon  on  the  Globe  reprefents. 

On  which  Broad  Horizon  feveral  Circles  are  drawn,  the  innermoft  of  which  is  the  Num- 
ber of  Degrees  of  the  Twelve  Signs  of  theZodiack,  viz.  30  to  each  Sign  :  for  the  ancient  A- 
ftronomers  obferved  the  Sun  in  his  (apparent)  Annual  Courfe,  always  to  defcribe  one  and 
the  fame  Line  in  the  Heavens,  and  never  to  deviate  from  this  TraEl  or  Path  to  the  North 
or  South,  as  all  the  other  Planets  did,  more  or  lefs  :  and  becaufe  they  found  the  Sun  to 
(hi ft  as  it  were  backwards,  thro  all  the  Parts  of  this  Circle,  fo  that  in  one  whole  Year's 
Courfe  he  would  Rife,  Culminate,  and  Set,  with  every  Point  of  it  ,•  they  diftiriguifhed  the 
fixed  Stars  that  appeared,  in  or  near  this  Circle,  into  12  Conftellations  or  Diviiions,  which 
they  called  Signs,  and  denoted  them  with  certain  Characters  ;  and  becaufe  they  are  moft  of 
them  ufually  drawn  in  the  form  of  Animals,  they  called  this  Circle  by  the  Name  of  Zo- 
diack,  which  fignifies  an  Animal,  and  the  very  middle  Line  of  it  the  Ecliptick ;  and  fince 
every  Circle  is  divided  into  360  Degrees,  a  twelfth  part  of  this  Number  will  be  30,  clie 
Degrees  in  each  Sign. 

Next  to  this  you  have  the  Names  of  thofe  Signs  ;  next  to  this  the  Days  of  the  Months 
according  to  the  Julian  Account,  or  Old  Stile,  with  the  Calender ;  and   then   another  Ca« 
lender,  according  to  the  Foreign  Account  or  New  Stile. 

And  without  thefc,  is  a  Circle  divided  into  thirty  two  equal  Parts,  which  make  the  lz 
Winds  or  Points  of  the  Mariners  Compafs,  with  the  Names  annexed. 

The  Ufes  of  this  Circle  in  the  Glebe  are, 

1.  To  determine  the  Rifing  and  Setting  of  the  Sun,  Moon,  or  Stars,  and  to  fhew  the 
time  of  it,  by  help  of  the  Hour  Circle  and  Index  ;  asfhall  be  (hewn  hereafter. 

2.  To  limit  the  Increafe  and  Decreafe  of  the  Day  and  Night  :  for  when  the  Sun  rifes  due 
Eaft,  and  fets  Weft,  the  Days  are  equal. 

But  when  he  Rifes  and  Sets  to  the  North  of  the  Eaft  and  Weft,  the  Days  are  longer  than 
the  Nights ;  and  contrariwife,  the  Nights  are  longer  than  the  Days,  when  the  Sun  Rifes  and 
Sets  to  the  Southwards  of  the  Eaft  and  Weft  Points  of  the  Horizon. 

3.  To  (how  the  Sun's  Amplitude,  or  the  Amplitude  of  a  Star;  and  alfo  on  what  Point  of 
the  Compafs,  it  Rifes  and  Sets. 

II.  The  next  Circle,  is  the  Meridian,  which  is  reprefented  by  the  brazen  Frame  or  Circle 
in  which  the  Globe  hangs  and  turns.  This  is  divided  into  four  Nineties  or  360  Degrees 
beginning  at  the  Equino&ial. 

This  Circle  is  called  the  Meridian,  becaufe  when  the  Sun  comes  to  the  South  part  of  it 
it  is  Meridies,  Mid-day,  or  High-noon  ;  and  then  the  Sun  hath  its  greateft  Attitude  for  that 
Day,  which  therefore  is  called  the  Meridian  Altitude.  The  Plane  of  this  Circle  is  perpendi- 
cular to  the  Horizon,  and  palleth  thro  the  South  and  North  Parts  thereof,  thro  the  Zenith 
and  Nadir,  and  thro  the  Poles  of  the  World.  In  it  each  way  from  the  Equinoctial  or  the 
Celefiial  Glebe,  is  accounted  the  North  or  South  Declination  of  the  Sun  or  Stars  ;  and  on  the 
Terreftrial,  the  Latitude  of  a  Place  North  or  South,  which  is  equal  to  the  elevation  or  height 
of  the  Pole  above  the  Horizon  :  Becaufe  the  Diftance  from  the  Zenith  to  the  Horizon,  being 
the  fame  as  that  between  the  EquinoEiial  and  the  Poles,  if  from  each  you  imagine  the  Di- 
ftance from  the  Pole  to  the  Zenith  to  be  taken  away,  the  Latitude  will  remain  equal  to  the 
Pole's  Altitude. 

There  are  two  Points  of  this  Circle,  each  90  Degrees  diftant  from  the  Equinoctial, 
which  are  called  the  Poles  of  the  World,  the  upper  one  the  North  Pole,  and  the  under  one 
the  South  Pole.     A  Diameter  continued  thro  both  the  Poles  in  either  Globe  and  the  Center, 

is 
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is  called    the  Axis    of   the  Earth   or    Heavens,    on  which   they  are'    fuppofcJ   to    turn 
about. 

The  Meridians  are  various,  and  change  according  to  the  Longitude  of  Places  ;  for  as 
foon  as  ever  a  Man  moves  but  one  Degree,  or  but  a  Point  to  the  Eaft  or  Weft,  he  is 
under  a  New  Meridian  :  But  there  is  or  fhould  be  one  fixed,  which  is  called  the  firft  Me- 
ridian. 

And  this  on  fome  Globes,  paflfes  thro  one  of  the  Azores  Illands  :  but  the  French  place  the 
firft  Meridian  at  Fero,  one  of  the  Canary  Iflands. 

The  Poles  of  the  Meridian  are  the  Eaft  and  Weft  Points  of  the  Horizon.  On  the  Terrefirial 
Globe,  are  ufually  drawn  24  Meridians,  one  thro  every  15  Degrees  of  the  Equator,  or  every 
15  Degrees  of  Longitude. 

'The  Ufes  of  the  Meridian  Circle  are, 

Firft,  To  fet  the  Globe  to  any  particular  Latitude,  by  a  proper  Elevation  of  the  Pole  a- 
bove  the  Horizon  of  that  Place.  And,  Secondly,  To  fhew  the  Sun  or  Stars  Declination, 
Right  Afcenfion,  and  greateft  Altitude ;  of  which  more  hereafter. 

III.  The  next  great  Circle,  is  the  EquinoBial  Circle,  as  it  is  called  on  the  Celeftial,  and  the 
Equator, on  theTerreftrial  Globe.  This  is  a  greatCircle  whofe  Poles  are  the  Poles  of  theWorld  : 
it  divides  the  Globe  into  two  equal  Parts  or  Hemifpheres  as  to  North  and  South  ;  it  paflfes 
thro  the  Eaft  and  Weft  Points  of  the  Horizon,  and  at  the  Meridian  is  always  as  much  raifed 
above  the  Horizon,as  is  the  Complement  of  the  Latitude  of  any  particular  Place.  Whenever  the 
Sun  comes  to  this  Circle,  it  makes  equal  Days  and  Nights  all  round  the  Globe,  becaufe  it  then 
Rifes  due  Eaft,  and  Sets  due  Weft,  which  it  doth  at  no  other  time  of  the  Year.  All  Stars 
alfo  which  are  under  this  Circle,  or  which  have  no  Declination,  do  always  Rife  due  Eaft,  and 
Set  full  Weft.  ^ 

All  People  living  under  this  Circle  (which  by  Navigators  is  called  the  Line)  have  their 
Days  and  Nights  conftantly  equal.  And  when  the  Sun  is  in  the  Equinodial,  he  will  be  at 
Noon  in  their  Zenith,  or  directly  over  their  Heads,  and   fo  their  erect  Bodies   can  eaft  no 

Shadow. 

From  this  Circle  both  ways,  the  Sun,  or  Stars  Declination  on  the  Celeftial,  or  Latitude 
of  all  Places  on  the  Terrefirial  Glube,  is  accounted  on  the  Meridian  :  and  fuch  lefler  Circles 
as  run  thro  each  Degree  of  Latitude  or  Declination  parallel  to  the  Equinoctial,  are  called  Pa- 
rallels of  Latitude  or  Declination. 

Through  every  15  Degrees  of  this  Equinoctial,  the  Hour-Circles  are  drawn  at  Right  An- 
gles to  it  on  the  Celeftial  Globe,  and  all  pafs  thro  the  Poles  of  the  World,  dividing  the  Equi- 
noctial into  24  equal  Parts. 

And  the  Equator  on  the  Terrefirial  Globe,  is  divided  by  the  Meridians  into  36  equal  Parts  ; 
which  Meridians  are  equivalent  to  the  Hour-Circles  on  the  other  Globe. 

IV.  The  Zodiack  is  another  great  Circle  of  the  Globe,  dividing  the  Globe  into  two  equal 
Parts  (as  do  all  great  Circles)  :  When  the  Points  of  Aries  and  Libra  are  brought  to  the  Ho- 
rizon, it  will  cut  that  and  the  Equinodial  obliquely,  making  with  the  former  an  Angle  equal 
to  23  Degrees  30  Minutes,  which  is  the  Sun's  greateft  Declination.  This  Circle  is  accounted 
by  Aftronomers  as  a  kind  of  broad  one,  and  is  like  a  Belt  or  Girdle  :  Through  the  middle 
of  it  is  drawn  a  Line  called  the  Ecliptick,  or  Via  Solis,  the  Way  of  the  Sun ;  becaufe  the  Sun 
never  deviates  from  it,  in  its  annual  Courfe. 

This  Circle  is  marked  with  the  Charaders  of  the  Twelve  Signs,  and  on  it  is  found  out  the 
Sun's  place,  which  is  under  what  Star  or  Degree  of  any  of  the  Twelve  Zodiacal  Conftellationst 
he  appears  to  be  in  at  Noon.  By  this  are  determined  the  four  Quarters  of  the  Year,  accord- 
in^  as  the  Ecliptick  is  divided  into  four  equal  Parts  i  and  accordingly  as  the  Sun  goes  on  here, 
he  has  more  or  lefs  Declination. 

Alfo  from  this  Circle  the  Latitude  of  the  Planets  and  fixed  Stars  are  accounted  from  the 
Ecliptick  towards  the  Poles. 

The  Poles  of  this  Circle  are  23  Degrees,  30  Minutes  diftant  from  the  Poles  of  the  World, 
or  of  the  Equinodial ;  and  by  their  Motion  round  the  Poles  of  the  World,  are  the  Polar 
Circles  defcribed. 

V.  If  you  imagine  two  great  Circles  both  pafling  thro  the  Poles  of  the  World,  and  alfo 
one  of  them  thro  the  Equinodial  Points  Aries  and  Libra,  and  the  other  thro  the  Solftitial Points, 
Cancer  and  Capricorn  :  T  hefe  are  called  the  two  Cvlures,  the  one  the  EquinoBial,  and  the  other 
the  Solfiitial  Cvlure.  Thefe  will  divide  the  Ecliptick  into  four  equal  Parts,  which  are  denomi- 
nated according  to  the  Points  they  pafs  thro,  called  the  four  Cardinal  Points,  and  are  the 
firft  Points   of  Aries,  Libra,  Cancer  and  Capricorn. 

Thefe  are  all  the  great  Circles. 

VI.  If  you  fuppofe  two  Circles  drawn  parallel  to  the  Equinodial  at  23  Degrees 
30  Minutes,  reckoned  on  the  Meridian,  thefe  are  called  the  Tropicks,  becaufe 
the    Sun   appears,   when    in   them,    to    turn   backward  from    his  former  Courfe ;    the 

one 
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one  the  Tropick  of  Cancer,  the  other  the  Tropick  of  Capricorn,  becaufe  they  are  under 
thefe  Signs. 

VII.  If  two  other  Circles  are  fuppofed  to  be  drawn  thro  23  Degrees  30  Minutes,  rec- 
koned in  the  Meridian  from  the  Polar  Points,  thefe  are  called  the  Polar  Circles :  The  Nor- 
thern is  the  Artick,  and  the  Southern  the  Antartick  Circle,  becaufe  oppofite  to  the 
former. 

Thefe  are  the  four  leflcr  Circles. 

And  thefe  on  the  Terreftrial  Globe,  the  Ancients  fuppofed  to  divide  the  Earth  into  five  Zones, 
viz>.  two  Frigid,  two  Temperate,  and  the  Torrid  Zone. 

Befides  thefe  ten  Circles  already  defcribed,  there  are  fome  other  neceffary  Circles  to  be 
known,  which  are  barely  imaginary,  and  only  fuppofed  to  be  drawn  upon  the  Globe. 

1.  Meridians  or  Hour-Circles,  which  are  great  Circles  all  meeting  in  the  Poles  of  the  World, 
and  crofting  the  Equinoctial  at  right  Angles  \  thefe  are  fupply'd  by  the  brazen  meridian 
Hour-Circle  and  Index. 

2.  Azimuths  or  Vertical  Circles,  which  likewife  are  great  Circles  of  the  Sphere,  and  meet  in 
the  Zenith  and  Nadir,  as  the  Meridians  and  Hour-Circles  do  in  the  Poles ;  thefe  cut  the 
Horizon  at  right  Angles,  and  on  thefe  is  reckon  *d  the  Sun's  Altitude,  when  he  is  not  in 
the  Meridian.  They  are  reprefented  by  the  Quadrant  of  Altitude,  by  and  by  fpoken  of, 
which  being  fixed  at  the  Zenith,  is  moveable  about  the  Globe  thro  all  the  Points  of  the 
Compafs. 

3.  There  are  alfo  Circles  cf  Longitude  of  the  Stars  and  Planets,  which  are  great  Circles  paf- 
fing  thro  the  Poles  of  the  Ecliptick,  and  in  that  Line  determining  the  Stars  or  Planets  Piace 
or  Longitude,  reckoned  from  the  firft  Point  of  Aries. 

4.  Almacanters,  or  Parallels  of  Altitude,  are  Circles  having  their  Poles  in  the  Zenith,  and 
are  always  drawn  parallel  to  the  Horizon.  Thefe  are  lefier  Circles  of  the  Sphere,  dimi- 
nifhing  as  they  go  further  and  further  from  the  Horizon.  In  refpeft  of  the  Stars,  there  are 
alfo  Circles  fuppofed  to  be  Parallels  of  Latitude,  which  are  Parallels  to  the  Ecliptick,  and 
have  their  Poles  the  fame  as  that  of  the  Ecliptick. 

5 .  Parallel  of  Declination  of  the  Sun  or  Stars,  are  leffer  Circles,  whofe  Poles  are  the 
Poles  of  the  World,  and  are  all  drawn  parallel  to  the  Equino&ial,  either  North  or  South  ; 
and  thefe  (when  drawn  on  the  Terrejlrial  Globe)  are  called  Parallels  of  Latitude. 

VIII.  There  are  belonging  to  Globes  a  Quadrant  of  Altitude,  and  Semicircle  of  Pofitioi?,' 
The  firft  is  a  thin  pliable  piece  of  Brafs,  whereon  is  graduated  po  Degrees  anfwerable  to 
thofe  of  the  Equator,  a  fourth  part  of  which  it  reprefents  ;  with  a  Nut  and  Screw,  to  faf- 
ten  it  to  any  part  of  the  brazen  Meridian  as  occafion  requires.  There  is  or  fhould  be  like- 
wife  a  Compafs  belonging  to  a  Globe,  that  fo  it  may  be  let  North  and  South. 

The  Semicircle  of  Pofition  is  a  narrow  Plate  of  Brafs,  infcribed  with  180  Degrees,  and 
anfwerable  to  juft  half  the  Equator. 

Laftly,  The  Brafs  Circle,  faftened  at  right  Angles  on  the  brazen  Meridian,  and  the  In- 
dex put  on  the  Axis,  is  called  the  Index  and  Hour-Circle. 

SECTION     II. 

Having  now  defcribed  the  Circles  of  the  Globes,  I  proceed  to  their  Coujiriiflwi* 

The  Body  of  the  Globe  is  compofed  of  an  Axle-Tree,  two  Paper-Caps  fewed  together,  a 
Compofition  of  Plaifter  laid  over  them,  and  laft  of  all  globical  Papers  or  Gores  (of  which 
more  by  and  by)  (luck  or  glewed  on  the  Plaifter. 

The  Axle-Tree  is  a  piece  ofWood  which  runs  thro  the  middle  of  the  Globe,  turned  fome- 
times  of  an  equal  Thicknefs,  but  oftner  fmaller  in  the  Middle  than  at  the  Ends ;  where  two 
pieces  of  thick  hardened  Wire  are  ftruck  in,  which  is  the  Axis,  that  appears  without  the 
Globe,  on  which  it  turns  within  the  brazen  Meridian. 

The  Paper-Caps  inclofe  this  Axle-Tree,  and  are  made  in  the  following  manner.  You  muft 
have  a  Ball  of  Wood  turned  round,  about  a  quarter  of  an  Inch  lefs  in  Diameter,  than  the 
Size  you  intend  to  make  your  Globe  of,  with  two  Pieces  of  Wire  ftuck  into  it,  diametri- 
cally oppofite  to  each  other,  for  Conveniency  of  turning  in  a  Frame,  which  may  be  made 
of  two  Pieces  of  Stick  fixed  upright  in  a  Board,  with  Notches  on  the  Tops  to  lay  the  Wire 
in.  Round  this  wooden  Ball  you  muft  pafte  wafte  Paper,  both  brown  and  white,  till  you 
judge  it  to  be  of  the  Thicknefs  of  Pafteboard  ;  and  before  it  be  quite  dry,  cut  it  in  the 
middle,  fo  that  it  may  come  off  in  two  Hemifpheres  :  to  prevent  the  Paper  from  flicking, 
let  the  Ball  at  firft  making  be  thick  painted,  and  every  time  before  you  pafte  Paper  on  it, 
greafe  or  oil  it  a  little. 

The  Holes  at  the  Tops  of  the  Caps,  oecafioned  by  the  Axis  on  which  the  Ball  turned, 
are  very  convenient  for  the  Axis  of  the  Globe  to  go  thro  in  covering  of  it.  Then  having 
faftened  the  Top  of  the  Caps  with  frnall  Nails  to  each  end  of  the  wooden  Axle-Tree,  few 


them  clofe  together  in  the  middle  with  ftrong  Twine. 
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That  the  Caps  may  meet  exactly,  obferve  two  things  :  ift,  That  the  Axletree  be  juft 
in  the  Diameter  of  the  Ball,  idly,  That  before  you  take  the  Caps  oft"  the  Ball,  you  make 
Scores  a-crofs  the  parting  all  round,  about  an  Inch  afunder,  whereby  to  bore  the  Holes  for 
fewing  them  even  together,  and  leave  a  Mark  to  direct  how  to  join  them  again  in  the  fame 
Points  :  for  inftance,  make  a  Crofs  over  any  one  of  the  Scores  in  the  upper  Cap,  and  an- 
other Crofs  upon  the  fame  Score  in  the  under  Cap ;  and  when  you  clofe  them,  bring  the 
two  Croffes  together,  by  which  means  the  Caps  in  fewing  will  come  as  clofe  together  as 
before  they  were  parted.  This  Care  mull  be  taken,  that  there  may  be  no  Openings  be- 
tween ;  in  which  cafe,  Paper  muft  be  cramb'd  in  to  flop  up  the  Gaps  :  but  whether  there 
be  any  Gaps  or  no,  there  muft  be  Paper  palled  all  over  its  fewing,  to  prevent  any  of  the 
Plaifter  from  falling  in. 

The  Plaifter  is  made  with  Glue,  diftblved  over  the  Fire  in  Water  and  Whitening  mixed 
up  thick,  with  fome  Hemp  fhred  fmall ;  the  Ufe  of  which  is  to  bind  the  Plaifter,  and  keep  it 
from  cracking  (as  Hair  is  put  into  Mortar  for  the  fame  end  :)  a  Handful  will  ferve  two  or 
three  Gallons  of  Stuff.  There  is  no  neceflity  for  mixing  the  whole  over  the  Fire,  except 
the  Whitening  runs  into  Lumps  not  eafily  to  be  broken  with  the  Hand. 

For  laying  on  this  Plaifter  over  the  Caps  in  a  globular  Form,  you  muft  have  a  Steel  Semi- 
circle exactly  half  the  Circumference  you  intend  the  Globe  to  have,  fixed  flat-ways  in  a 
level  Table  made  for  that  purpofe,  with  a  Notch  at  each  end  for  the  Axis  (which  muft 
nicely  fit  it)  to  turn  in,  and  two  Buttons  to  cover  it,  to  prevent  the  Axis  from  being  forced 
out  of  the  Notches,  when  the  Globe  is  clogg'd  with  Philter,  and  fo  requires  fome  Vio- 
lence to  turn  it. 

Then  fixing  your  Paper-Sphere  within  this  Semicircle,  lay  Plaifter  on  it  with  your  Hands, 
turning  the  Globe  eafily  round,  till  it  be  covered  fo  as  to  fill  the  Semicircle  :  But  before  it 
comes  to  touch  the  Semicircle  in  all  its  Parts,  and  be  equally  fmooth  all  round,  it  will  re- 
quire a  great  many  Layings  on  of  the  Plaifter,  letting  it  dry  between  every  fuch  Appli- 
cation. 

The  fecond  or  ttorrd  time  of  laying  on  Stuff,  it  will  begin  to  touch  the  Semicircle  in 
fome  parts,  and  to  appear  round  ;  the  fourth  time  it  will  touch  in  more  parts,  and  look 
rounder  ;  till  at  laft  it  will  touch  in  all  parts,  and  become  perfectly  round  and  fmooth,  like 
a  Ball  of  polifhed  Marble. 

The  next  thing  to  be  done  is  to  poife  the  Globe  ;  for  it  generally  happens,  by  reafon  of 
the  Plaifter  lying  thicker  in  one  place  than  in  another,  that  fome  fide  weighs  ftill  down- 
wards. To  remedy  this,  a  Hole  muft  be  cut  in  that  part,  and  a  convenient  Quantity  of 
Shot  put  in,  in  a  Bag,  to  bring  it  to  a  due  Ballance  with  the  reft  ;  after  which  the  Place 
muft  be  ftopped  up  with  a  Cork,  and  covered  again  with  Plaifter.  The  Bag  that  holds 
the  Shot  may  be  glewed  or  fewed  to  the  Cap  within,  or  fattened  to  the  Cork :  fometimes 
after  one  part  is  ballanced,  the  Weight  will  incline  to  another ;  in  which  cafe  the  fame  Re- 
medy muft  be  apply 'd  again,  as  often  as  there  will  be  neceflity. 

This  done,  by  help  ot"  another  Semicircle,  divided  into  18  equal  Parts,  draw  the  Equa- 
tor and  Parallels  of  Latitude,  placing  a  Black-lead  Pencil  at  the  Graduation,  and  turning 
the  Globe  againft  the  Point  of  it  to  make  a  Line.  Then  divide  the  Equator  with  a  pair  of 
Compalfes  into  fo  many  parts  as  there  are  globical  Papers  or  Gores  to  lay  on,  and  draw 
Lines  thro  each  from  Pole  to  Pole  by  the  fide  of  the  Semicircle.  Within  each  of  thefe 
Spaces  fo  marked  out,  you  have  only  to  lay  one  of  the  Gores,  which  (being  cut  out  fo  ex- 
act as  neither  to  lap  over,  nor  leave  a  Vacancy  between  them)  by  the  Afliftance  of  the 
Lines  drawn  upon  the  Plaifter,  may  be  fitted,  fo  as  to  fall  in  with  each  other  with  the 
created  Exaftnefs.  In  applying  the  Gores,  you  may  ufe  a  good  binding  Pafte,  but  Mouth 
Glue  is  better. 

SECTION    III. 

ConftruBioji  of  the  Circles  of  the  Globe  on  the  Globical  Tapers  or  Gores. 

As  7  is  to  22,  fo  is  the  Diameter  of  a  Globe  to  the  Circumference  of  any  one  of  its  grea- 
teft  Circles.  The  Diameter  of  the  Globe  is  ufually  given,  from  whence  it  often  happens 
that  the  Circumference  confifts  of  odd  Numbers  and  Parts.  Whereas  if  the  Circumference 
was  given  in  even  Numbers,  as  Inches,  it  might  more  eafily  be  divided  into  Parts.  For 
example,  if  the  Circumference  was  36  Inches,  each  10  Degrees  of  Longitude  on  the  Ji- 
quator  will  be  one  Inch ;  if  the  Circumference  be  54,  each  10  Degrees  will  be  one  Inch 
and  a  half;  if  72,  every  10  Degrees  of  Longitude  will  be  two  Inches. 

The  Diameter  of  a  Globe  being  given,  fuppofe  24  Inches,  to  find  the  Circumference, 
fay,  As  7  is  to  22,  fo  is  24  to  75.43  Inches,  the  Length  of  the  Circumference  fought. 

The  Length  of  each  Gore,  from  the  North  Pole  to  the  South  Pole,  will  be  exaftly  half 
the  Circumference  of  the  Globe,  which  is  37.71  Inches,  and  the  Length  from  the  Equator 
to  either  Pole  will  be  ;,  viz..  iS.S6  Inches. 

Zz  If 
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If  each  of  the  Globical  Papers  contain  in  their  greatefl  Breadth  50  Degrees  of  the  Equa- 
tor, 12  of  them  will  cover  the  Globe,  and  by  Dividing  the  Circumference  75.45  by  12, 
the  Quotient  will  give  6.28  Inches  for  the  Breadth  of  the  Gore. 

If  18  of  the  Gores  go  to  cover  the  Globe,  the  Breadth  of  each  will  be  20  Degrees  of 
the  Equator,  or  4.19  Inches. 

If  24,  each  will  contain  15  Degrees  of  the  Equator,  or  3.14  Inches  of  the  Circum- 
ference. 

If  35,  each  Paper  will  contain  10  Degrees  of  the  Circumference,  or  2.09  Inches. 
It  the  Globe  be  fo  large  as  to  take  up  360  Papers,  that  is,  one  to  every  Degree  of  Longi- 
tude, then  will  the  Breadth  of  each  Gore  be  23  parts  of  an  Inch. 

Again,  If  the  Circumference  of  a  Globe  be  given,  fuppofe  72  Inches,  divide  it  by  2  (for 
the  Length  of  the  Gores  from  Pole  to  Pole)  and  the  Quotient  will  be  36  Inches  ;  and  con- 
sequently half  that  Length,  or  the  Diftance  from  the  Equator  to  either  Pole,  will  be  18 
Inches  :  as  the  Diftance  from  N.  to  S.  taken  from  a  fuppofed  Scale  of  Inches,  is  35  Inches, 
or  one  half  of  the  Circumference  of  the  Globe;  and  the  Diftance  from  C  to  N  or  S,  18 
Inches,  or  4  of  the  Circumference. 

If  each  Gore  contains  30  Degrees  of  the  Equator  in  Breadth,  or  -j^-  of  the  Circumfe- 
rence, it  will  take  up  6  Inches  thereof  as  I  K. 

If  1 8  of  the  Gores  go  to  cover  a  Globe  of  the  aforefaid  Circumference,  each  will  con- 
tain 20  Degrees  in  Longitude  of  the  Equator,  or  4  Inches,  as  L  M. 

If  your  Papers  be  t*t  °f tfle  Circumference,  each  will  contain  1 5  Degrees  of  the  Equator, 
or  3  Inches,  as  a  b. 

If  they  be  7V  of  the  Circumference,  each  will  contain  10  Degrees  of  the  Equator,  or 
2  Inches,  as  erf. 

If  there  be  72  Papers  for  covering  the  Globe,  each  will  contain  5  Degrees  of  the  Equator, 
or  1  Inch,  that  is  Vr  of  the  Circumference. 

If,  laftly,  the  Globe  requires  360  Papers,  each  will  contain  1  Degree,  or  7  of  an  Inch. 
This  being  premifed.,  I  now  proceed  to  give  the  Manner  of  drawing  the  Circles  of  the 
Globes  upon  the  aforefaiti  Gores. 
Fig.  7.  Draw  the  Diameter  W  E,  and  crofs  it  with  another  at  right  Angles  to  it,  as  N  S.    From 

the  Scale  of  Inches  fet  off  from  C  to  N,  and  to  S,  (the  North  and  South  Poles)  18  Inches, 
or  -+-  of  the  Circumference,  which  divide  into  9  equal  parts,  each  of  which  like.wife  fub- 
divide  into  10  more  (for  the  90  Degrees  of  North  and  South  Latitude)  upon  C,  as  a  Cen- 
ter ;  defcribe  the  Circle  N  E,  S  W,  and  divide  each  Quadrant  into  90  Degrees,  numbering 
each  10th  Degree  with  Figures  from  the  Equator  towards  the  Poles,  as  10,20,30,6V.  • 
Thus  the  three  Points  are  found,  thro  which  the  parallel  Circles  to  the  Equator  mull  be 
drawn,  viz,,  two  of  them  are  in  the  Quadrants  N  E,  N  W,  and  S  E,  S  W,  and  the  third 
is  in  the  Diameter  N  S. 

To  find  the  Centers  of  any  of  the  faid  Parallels,  fuppofe  of  the  Parallel  of  60  Degrees, 
fet  orie  Foot  of  your  Companies  in  the  Point  6oy  or  F,  of  the  Quadrant  N  E,  and  extend 
the  other  to  the  Point  60,  or  D,  in  the  Diameter  N  S  ;  then  defcribe  the  little  Arcs  A,  B, 
and  removing  the  Foot  of  your  Compafles  to  the  Point  D,  defcribe  two  other  Arcs,  cutting 
thofe  before  defcribed,  and  thro  the  Points  of  Interfection  draw  a  right  Line,  which  will 
cut  the  Diameter  C  N,  produced  in  the  Point  G,  the  Center  of  the  <5oth  Parallel.  Having 
thus  found  the  Centers  of  all  the  Parallels,  and  drawn  them  in  the  Northern  Hemifphere, 
transfer  the  central  Points  in  the  Line  CN  continued,  into  the  Line  C  S  continued  alfo, 
and  draw  the  Parallels  of  the  Southern  Hemifphere.  Note,  That  whether  the  polar  Papers 
extend  to  the  80th  or  70th  Parallel,  thofe  Circles  in  the  meridional  Papers,  or  thofe  that 
encompafs  the  Body  of  the  Globe,  mull  be  defcribed  as  is  here  ordered ;  but  in  the  polar 
Papers  the  Pole  muft  be  the  Center,  as  you  fee  in  the  Figure,  where  one  Point  of  the  Com- 
pafles being  fet  in  the  South  Pole  S,  and  the  other  extended  to  the  8o//->x>r  70//;  Degree  of 
Latitude  in  the  Diameter,  ftrikes  thofe  Parallels  in  the  polar  Papers.  See  more  concerning 
the  polar  Papers  hereafter. 

Thpn  becaufe  the  polar  Circles  and  Tropicks  are  but  Parallels  23  deg.  30  min.  diftant 
from  the  Poles  and  Equator  ;  at  thofe  Di fiances  defcribe  double  Lines,  reprefenting  fuch 
Circles,  to  diftinguifh  them  from  other  Parallels. 

To  drazu  the  Meridians. 
Having  chofen  one  of  die  Proportions  beforementioned  for  the  Breadth  of  each  Paper  on 
the  Equator,  fuppofe  T\-  of  the  Equator,  which  is  the  common  Proportion  in  globical  Pa- 
pers,, and  the  greatefl  Breadth  that  can  be  allowed  them,  let  the  Globe  be  of  what  Magni- 
tude foever  :  then  becaufe  tV  of  the  Equator  contains  30  Degrees,  which  in  the  Gores 
for  a  Globe  of  72  Inches  Circumference,  are  fix  Inches  in  Breadth;  from  a  Scale  of  Inches 
take  three  Inches  between  your  Compaffes,  and  lay  them  off  on  the  Diameter  W  C  E,  from 
C  to  K,  and  from  C  to  I,  the  Length  from  I  to  K  being  fix  Inches,  or  30  Degrees  of  the 
Equator,  into  which  it  muft  be  divided,  and  numbered  at  each  5th  or  10th  Degree,  with  th» 
Degrees  of  Longitude. 

Now 
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Now  becaufe  a  (ingle  Degree  cannot  be  well  divided  into  Parts  ia  fo  fmali  a  Projection, 
and  feeing  that  any  Number  of  Degrees  of  Longitude  in  any  Parallel  has  the  fame  Propor- 
tion to  one  Degrep  in  that  Parallel,  as  the  fame  Number  of  Degrees  of  Longitude  under 
the  Equator  has  to  one  Degree  of  Longitude  ;  therefore  take  15  Degrees  of  the  Equator, 
nuu  I  C  or  I  K,  in  your  Cornpafles,  and  having  divided  it  feparately,  as  you  would  a  (in- 
gle Degree,  into  6a  equal  Parts,  look  in  the  following  Table  what  Proportion  a  Degree 
(or  15  Degrees)  in  each  <>th  or  10th  Parallel  of  Latitude,  hath  to  a  Degree  (or  15  Degrees) 
on  the  Equator.  For  example,  in  the  firft  Column  of  the  Table  towards  the  Left-Hand, 
are  the  Degrees  of  Latitude;  over  againft  the  10th  Degree,  I  find  59  Miles  in  the  fecond 
Column,  and  00  Minutes,  or  Fra&ions  of  a  Mile,  in  the  third  Column,  which  fignifies  that 
a  Degree  (or  15  Degrees)  in  the  10th  Parallel  of  Latitude,  contains  but  59  Miles  00  Mi- 
nutes of  a  Degree  (or  15  Degrees  of  the  Equator)  which  Length  I  take  from  the  Scale  I C 
orCK  between  my  CompafleS,  and  fet  oft  on  each  fide  the  Meridian,  or  Diameter  NS, 
on  the  10th  Parallel. 

Again,  in  the  Parallel  of  20  Degrees,  I  find  a  degree  to  contain  %6  Miles  24  Minutes,  or 
parts  of  a  Mile,  of  a  Degree  in  the  Equator,  and  transfer  that  Length  from  the  aforefaid 
Scale  upon  the  20//;  Parallel ;  the  like  is  to  be  underftood  of  all  the  reft,  and  thofe  Points 
being  found  and  joined,  will  form  the  Meridians  on  the  Gores.  The  fame  Directions  mult 
be  followed  in  all  other  Proportions  for  the  Breadth  of  the  Gores  ;  in  chufing  of  which,  ob- 
ferve,  that  as  it  is  manifeft  from  the  Figure  of  the  Globe,  that  a  Paper  fo  large  as  Vr  of 
the  Circumference  of  the  Globe,  cannot  lie  upon  its  Convexity,  without  crumbling,  lapping 
over,  or  tearing,  in  the  Application  ;  therefore  it  will  be  better  to  ufe  fome  lefler  Propor- 
tion, as  LM,  ab,  or  c  d:  for  note,  the  narrower  they  are,  the  more  exactly  they  will  fit 
the  Globe.  Note  alfo,  in  drawing  the  Parallels  from  io  to  30  Degrees  of  Latitude,  right 
Lines  will  do  well  enough. 
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STABLE  Jhezving  in  what  Proportion  the  'Degrees  of  Longitude  decreafe 

in  the  'Parallels  of  Latitude. 


L»t.Mil.Min. 

Lat.Mil.Min. 

Lat.Mil.Min. 

Lat.Mil.Min.  I 

Lat.Mil.Min. 

Lat.Mil.Min. 

Lat.Mil.Min. 

O  60      O 

13  58  28 

25  54  24 

37  47  5^  49  39  2° 

6l   29 

4 

73  *3  32 

I  59  56 

14  58  12 

26   54  0 

38  47  16 

50  38  32 

62   28 

8 

74  16  32< 

2  59   54 

15  58   O 

27  53  28 

39  46  36 

Ji  37  44 

62   27 

12 

75  15  32 

2  50  52  16   57  40 

28  53  0  j  40  46"  0 

52  37  0 

64  26 

i<5 

-]6  14  32  | 

4  59  50  *7  57  20 

29  52  28  J  41  45  16 

53  3<*  8 

65  25 

20 

77  13  32  I 

5  59  46I  18  57  4 

30  51  55 

42  44  36 

54  35  i6 

66  24 

24 

78  12  32  1 

6  59  40 

19  56  44 

31  51  24 

43  43  52' 

55  34  24 

67  23 

28 

79  11  28  [ 

7  59  37 

20  56  24 

32  50  52 

44  43  8 

56  33  32  1  65 „22 

32  1  80  10  24  C 

S  59  24 

21  56  O 

33  50  20 

45  42  24 

57  32  4°  1^9  2i 

32I81  9  20  I 

9  59  10 

22  55  36 

34  49  44 

46  41  40 

58  31  48  1  70  20 

32  J  82.  8  20  I 

10  59  0 

23  55  12! 

3  5  49  8 

47  41  0 

59  3 f     ° 

71  19 

32 

83  7  20 

11  58  52 

24  5448 

36  48  32 

48  40  8 

60  30  0 

72  18 

32 

84  6  12 

12  58  40 

1. 

: 

' 

1 

85  5  12 

86  4  12 

87  3  12 

: 

s 

88  2  4 

■ 

. 

89  1  4 

90  0  0 1 

The  exaB  Geometrical  Way  of  drawing  the  Parallels  and  Meridians  on  the  Gores. 

Becaufe  in  the  Method  before  laid  down,  the  true  Centers  of  the  Parallels  are  not  exaft-  Plate  18. 
Iy  in  thofe  Points  found  as  there  directed  ;   nor  the  Points  in  them  the  Points  by  which  the  FlI«  *• 
Meridians  muft  pafs :   therefore  I  think  it  proper  here  to  exhibit  the  Geometrical  Manner 
of  drawing  them  truly. 

Suppofe  S  B  to  be  the  Semidiameter  of  the  Globe,  with  which  defcribe  the  Quadrant  B  I, 
and  continue  out  the  Semidiameter  S  I,  both  ways.  Make  S  A  equal  to  -J-  of  the  Circum- 
ference ;  the  Point  A  of  which,  will  be  the  Pole  of  the  Gore.  Then  divide  the  Quadrant 
B  I  into  90  equal  Parts  or  Degrees,  to  every  of  which  draw  the  Tangents  i  80,  k  70,  /  6o, 
#150,  &c.  until  they  meet  the  Radius  S  I  continued.  Again,  having  divided  the  Line  A  S 
(equal  to  t  *&  tne  Circumference  of  the  Globe)  into  pa  equal  Parts,  (I  have  only  divided  it 
into  9)  and  numbred  them  as  /w  Figure;  take  the,  Length  of  the  Tangent  i8o  between 
your  Compafles,  and  fetting  one  Foot  in  the  Point  80  of  the  Line  AS,  the  other  will  faU 
upon  the  Point  a  in  the  faid  Line  continued  out  beyond  A,  which  will  be  the  Center  of  the 
%oth  Parallel  pafling  thro  the  Point  80  in  the  Line  AS. 

Moreover, 
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Moreover,  to  find  the  Center  or"  the  jotb  Parallel,  take  the  Tangent  k  70  between  your 
Compares,  and  fetting  one  Foot  in  the  Point  70  of  the  Line  A  S,  the  other  will  fall  on  the 
Point  b  in  the  Line  A  S  continued,  which  will  be  the  Center  of  the  70th  Parallel,  pafilng 
thro  the  Point  80  in  the  Line  AS. 

In  like  manner,  to  find  the  Center  of  the  60th  Parallel,  take  the  Tangent  /  60  between 
your  Companies,  and  fet  it  off  from  the  Point  60  in  the  Line  AS,  and  you  will  have  the 
Center  c  for  the  60th  Parallel,  palling  thro  the  Point  60.  Proceed  thus  for  finding  the  Cen- 
ters d,  e,f,  g,  &c.  of  the  Parallels  50,  40,  30,  20,  &c.  about  each  of  which  Centers  refpec- 
tive  Arcs  being  drawn,  the  Parallels  will  be  had. 

The  Reafon  of  this  Operation  for  finding  the  Centers  of  the  Parallels,  is  this  ;  If  a 
Sphere  or  Globe  hath  revolved  upon  a  Plane,  in  fuch  manner  that  every  Point  of  the  Peri- 
phery of  fome  lefier  Circle  of  it,  has  touched  the  faid  Plane,  and  the  Point  which  in  the 
beginning  of  the  Motion  was  contiguous  to  the  Plane,  became  to  be  contiguous  to  it  again  ; 
then  the  Points  on  the  Plane,  that  were  contiguous  to  the  Points  of  the  Periphery  of  the 
aforefaid  lefler  Circle,  will  be  in  the  Circumference  of  a  Circle,  whofe  Center  will  be  the 
Vertex  of  a  right  Cone,  lying  on  the  aforefaid  Plane,  the  Bafe  of  which  will  be  the  faid 
Circle;  and  confequently  the  Vertex  will  be  determined  in  the  Plane,  by  continuing  a  right 
Line  raifed  on  the  Circle's  Center  perpendicularly  till  it  cuts  the  aforefaid  Plane. 

Ho-u:  to  draw  the  Meridians. 

Having  drawn  the  Sines  10/,  20  q,  30  r,  40  s,  &c.  divide  the  Radius  BS  into  350 
equal  Parts,  or  make  a  Diagonal  Scale  of  that  Length,  wrhereby  360  may  be  taken  off. 
Then  having  aflumed  S  C  for  half  the  Breadth  of  the  Gore,  fuppofe  T'T  of  the  Circumfe- 
rence of  the  Equator,  take  S  x  (the  Sine  Complement  of  80  deg.)  between  your  Compafles, 
and  applying  this  Extent  on  the  Radius  B  S,  or  the  Diagonal  Scale,  fee  how  many  of  thofe 
Parts  that  the  Diameter  is  divided  into,  that  Extent  takes  up.  Then  take  -^T  of  thofe 
Parts,  and  with  the  Quotient  as  fo  many  Degrees  make  the  Arc  10  L  off,  which  will  give 
the  Point  L  in  the  Parallel  of  10  Degrees,  thro  which  the  Meridian  muft  pafs. 

Again,  take  S  w  between  your  Compafles,  and  fee  how  many  of  the  Parts  that  the  Radius 
B  S  is  divided  into,  it  contains ;  then  take  i's  of  thofe  Parts,  and  with  the  Quotient,  as  fo 
many  Degrees,  make  the  Arc  20  M  off,  which  will  give  another  Point  M,  thro  which  the 
fame  Meridian  rauft  pafs  in  the  20th  Parallel. 

In  like  manner,  to  find  the  Point  N  in  the  Parallel  of  30  Degrees,  thro  which  the  Meri- 
dian muft  pafs,  take  $u  (the  Sine  Complement  of  60  Degrees)  in  your  Compafles,  and  fee 
how  many  of  the  Parts  that  the  Radius  B  S  is  divided  into,  it  contains  ;  then  taking  ~T  of 
thofe  Parts,  with  the  Quotient  as  fo  many  Degrees,  make  the  Arc  30  N  off. 

Proceeding  in  this  manner,  you  may  find  other  Points  in  the  other  Parallels,  thro  which 
the  Meridian  muft  pafs.  Which  Points  being  afterwards  joined,  the  quarter  of  the  Meri- 
dian A  N  C  will  be  drawn;  and  therefore  one  quarter  of  the  Gore  ;  and  confequently  the 
other  three  Quarters  of  the  Gore  will  be  eafily  limited. 

Method  of  ordering  the  Circumsolar  Papers. 
The  Circumpolar  Papers  were  formerly  not  cut  out  by  themfelves,  till  Artifts  found  it  hard 
to  make  the  Poles,  or  Points  of  the  Gores,  fall  nicely  in  the  North  and  South  Poles  ;  whence, 
to  help  that  Inconveniency,  they  made  Circular  Papers  ferve  to  cover  the  Superficies  of  the 
Globe  between  the  Polar  Circles,  the  Parallels  on  which  Papers  are  all  Concentric  Circles, 
and  the  Meridians  Right  Lines  :  yet  finding  ftill  fo  big  Papers  not  to  fit  the  Globe's  Con- 
vexity, but  wrinkle  about  the  edges,  they  have  extended  them  from  the  Poles  only  to  the 
Parallels  of  70  Degrees.  But  neither  will  it  do  yet,  becaufe  the  Longitude  decreafes  dif- 
proportionally,  the  further  off  the  Poles.  Pf  the  Diameter  of  a  Polar  Paper  extends  to 
10  Degrees  from  the  Pole  only,  that  Paper  will  lie  flat  upon  the  Globe's  Convexity,  without 
any  fenfible  ftretching  or  contracting  :  But  if  it  extend  to  or  beyond  the  70//;  Parallel,  you 
muft  take  another  Courfe. 
Fig.  2.  Suppofe  A  P  B  to  be  half  of  a  Gore,  1 2  of  which  will  cover  a  Globe.    About  the  Point  P 

with  an  extent  to  the  70^  Parallel,  defcribe  a  Circle,  which  from  the  Points  G  or  F, 
divide  into  12  equal  Parts  ;  or  which  is  the  fame,  continue  every  other  Meridian  in  the 
Parallel  80  to  the  Parallel  70,  and  by  the  aforementioned  Table  fet  off'  on  each  Side  thefe 
12  Meridians,  the  true  Longitude  of  each  10  Degrees  in  the  Parallel  of  80;  or,  which 
will  fave  that  trouble,  transfer  the  Diftance  from  C  to  G,  or  from  G  to  D  upon  the  Pa- 
rallel of  70  Deg.  in  the  Polar  Paper,  for  that  is  the  extent  of  10  Degrees  in  that  Parallel ; 
and,  as  is  manifeft  from  the  Figure,  there  will  lie  between  each  twelfth  part  of  the  Circum- 
ference F  G,  a  narrow  flip  of  Paper  which  muft  be  cut  out,  and  then  the  Paper  being  laid 
upon  the  Globe,  the  Parts  will  naturally  clofe  :  whereas,  for  want  of  this  care  taken,  we 
commonly  fee  the  Polar  Papers  wrap  over  and  Wrinkle  ;  betides,  the  Points  of  the  Meridians 
on  the  Polar  Papers  feldom  meet  thofe  of  the  Meridians  of  the  Gores,  except  now  and 
then  by  chance. 

From  this  one  rough  Draught  you  may  transfer  the  reft  of  the  Gores  that  are  to  make 
up  the  Surface  of  the  Globe;  by  which  the  trouble  of  projecting  a  New  Scheme  for  every 

Gore 
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Gore  will  be  avoided.  Obfene  to  doit  with  great  care,  for  a  fmall  Error  will,  when  the 
Gores  are  all  joined,  appear  very  fenfible.  Then  becaufe  the  Gores  in  all  make  12,  you  may 
divide  your  Projections  upon  three  Sheets  of  large  Paper,  allowing  four  Gores  to  each  Sheet. 

Draw  an  Eaft  and  Weft  Diameter  thro  every  Sheet,  in  each  of  which  fet  off  the  Diftance  Fig.  2. 
from  I  to  K,  of  Fig.  7. j  Plate  17.  with  your  Compares  four  times,  I without  fhifting  the 
Points.  In  the  middle  of  each  erecl:  Perpendiculars,  and  transfer  70  Degrees  thereon  (al- 
lowing the  Polar  Papers  to  include  20  Degrees  from  the  Poles)  Northwards  and  South- 
wards from  the  Center,  which  is  the  Interfe&ion  of  the  Equator  with  the  (height  Meridians 
or  Perpendiculars,  for  Northern  and  Southern  Latitude. 

From  the  aforefaid  Semi-gore,  take  the  Diftance  between  the  Point  of  each  10th  Parallel 
in  the  Perpendiculars,  and  in  the  Meridians  A  C,  B  D,  and  in  the  fair  Draught  defcribe  Arcs 
to  the  Right  and  Left,  upon  the  Points  in  the  Perpendiculars* 

Then  placing  one  foot  of  your  Compaffes  in  the  Point  A  or  B,  extend  the  other  to  the 
Point  of  the  Meridians  and  Parallels  Interfe&ion  j  and  as  you  go  along,  transfer  the  Dis- 
tances upon  the  Copies  from  the  correfpondent  Points  of  the  Equator  into  the  Arcs,  and  tile 
Places  where  they  cut  will  be  the  Points  thro  which  the  Meridians  and  Parallels  muft  be 
drawn.  And  that  Meridian,  among  all  the  Papers  which  is  pitched  upon  for  the  firft,  let  be 
divided  equally  from  the  Equator  to  G,  and  then  in  the  Polar  Papers  to  the  Poles,  into  De- 
grees or  Minutes,  numbering  each  10th  or  5th  Degree,  with  the  Degrees  of  Latitude,  mind- 
ing to  draw  three  Lines  to  diftinguifh  it  from  other  Meridians.  The  fame  muft  be  obferved  in 
defcribing  the  Ecliptick  or  Equator  j  on  which  laft  every  ph  or  iotb  Degree,  till  you 
come  to  180  Degrees,  muft  be  figured  Eaft  ward  and  Weftward  from  the  firft  Meridian. 

When  all  the  Papers  are  finifhed  fo  far  as  relates  to  the  Meridians  and  Parallels,  you  muft 
next  draw  the  Ecliptick  ;  and  becaufe  that  Circle  interfefts  the  Meridians  in  fuch  and  fuch 
Parallels  of  Declination,  and  the  Meridians  cut  the  Equator  in  the  Degrees  of  Right  A- 
fcenfion  ;  therefore  by  help  of  a  Table  of  the  Declination  of  thofe  Points  of  the  Ecliptick 
that  cut  the  Meridian,  and  the  Right  Afcenfion  of  the  fame  Points,  find  the  Declination 
over-againft  the  Right  Afcenfion,  which  fhews  thro  what  parts  of  the  Meridians  the  Ecliptick 
Arcs  muft  pafs ;  and  draw  Right  Lines  thro  the  Points  of  Interfe&ion,  which  Lines  will  form 
the  Ecliptick  on  the  Globe. 

fi  TABLED  Right  Afcenfio?i  and  'Declination  of  every  1  $  T>egrees 

of  the  Signs. 


Deg. 

Deg. 

Min. 

Aries 

15 

13 

48 

& 

"Taurus 

0 

27 

54 

Taurus 

15 

42 

3i 

1 

Gemini 

0 

57 

48 

0 

X 

Gemini 

15 

73 

43 

Cancer 

0 

j       9o 
106 

00 

<£ 

Cancer 

15 

17 

%> 

? 

Leo 

0 

122 

12 

ft 

Leo 

15 

J37 

29 

0 

CO 

1H 

Virgo 

0 

i?a 

6 

3 

Virgo 

15 

1 66 

12 

Deg. 

Milt. 

? 

5* 

11 

30 

\6 

23 

20 

12 

22 

39 

23 

3° 

22 

39 

20 

12 

16 

n 

11 

30 

5 

5* 

Seek  the  Right  Afcenfion  as  Longitude,  and  the  Declination  as  Latitude,  and  where  "they 
interfecl:  is  the  refpective  Point  of  the  Ecliptick. 

Proceed  next  to  infert  the  Stars  on  the  Gores  for  the  Celefiial  Globe,  and  Places  on  thofe  for 
the  Terreftrial  Globe,  by  help  of  moft  approved  Aftronomical  and  Geographical  Tables  and 
Maps,  according  to  their  refpe&ive  Longitude  and  Latitude,  which  may  eafily  be  effected 
by  finding  the  Meridian  and  Parallel  of  the  Star  or  Place ;  and  the  Point  where  they  interfecl: 
each  other,  will  be  the  exact  Situation  thereof. 

The  Rhumb  Lines  (which  always  make  the  fame  Angles  with  the  Parallels  they  are  cfrawn 
thro)  may  be  infcribed  by  IVright's  Card,  or  Loxodromick  Tables,  found  in  fome  Books  of 
Navigation,  as  thofe  in  Newhoufe.  Trade  Winds  are  beft  defcribed  from  Dr.  Halley  in  the 
Pbilofophical  TranfaBions :  the  Conftellations  may  be  drawn  by  a  Celeftial  Globe. 

Your  Projectures  of  the  Heaven  and  Earth  being  finifhed,  you  may  either  apply  them  to  a 
particular  Pair  of  Globes,  or  have  them  engraved  in  Copper-Plates. 
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C  H  A   P.    II. 

Of  Agronomical  and  Geographical  Definitions,  and  the  Vfes 

of  the  Globes. 

Efore  I  lay  down  the  Ufes  of  the  Globe,  it  will  be  proper  to  exhibit  the  following  Defi- 
nitions, neceffary  to  be  known  in  order  to  underftand  their  Ufes. 
Definition  I.  The  Latitude  of  any  Place,  is  an  Arc  of  the  Meridian  of  that  Place,  intercepted 
between  the  Zenith  and  the  Equator  ;  and  this  is  the  fame  as  an  Arc  of  the  Meridian  inter- 
cepted between  the  Pole  and  the  Horizon  ;  and  therefore  the  Latitude  of  any  Place  is  often 
expreffed  by  the  Pole's"  Height,  or  Elevation  of  the  Pole  :  the  Reafon  of  which  is,  that  from 
the  Equator  to  the  Pole,  there  always  being  the  Diftance  of  po  Degrees,  and  from  the  Ze- 
nith to  the  Horizon  the  fame  Number,  and  each  of  thefe  90  containing  within  it  the  Dif- 
tance between  the  Zenith  and  the  Pole  ;  that  Diftance  therefore  being  taken  away  from 
both,  muft  leave  the  Diftance  from  the  Zenith  to  the  Equator  equal  to  the  Diftance  between 
the  Pole  and  the  Horizon,  or  the  Elevation  of  the  Pole  above  the  Horizon. 

Definition  II.  Latitude  of  a  Star  or  Planet,  is  an  Arc  of  a  great  Circle  reckoned  on  the 
Quadrant  of  Altitude,  laid  through  the  Star  and  Pole  of  the  Ecliptick,  from  the  Ecliptick 
towards  its  Pole. 

Definition  III.  Longitude  of  a  Place  is  an  Arc  of  the  Equator  intercepted  between  the 
Meridian  ;  or  it  is  mere  properly  the  Difference,  either  Eaft  or  Weft,  between  the  Meridians 
of  any  two  Places,  accounted  on  the  Equator. 

Definition  IV.  Longitude  of  a  Star,  is  an  Arc  of  the  Ecliptick,  accounted  from  the  be- 
ginning of  Aries  to  the  Place  where  the  Star's  Circle  of  Longitude  croffeth  the  Ecliptick  ;  fo 
that  it  is  much  the  fame  as  the  Star's  Place  in  the  Ecliptick,  accounted  from  the  beginning  of 
Aries. 

Definition  V.  Amplitude  of  the  Sun  or  of  a  Star,  is  an  Arc  of  the  Horizon  intercepted  be- 
tween the  true  Eaft  or  Weft  Points  of  it,  and  that  Point  upon  which  the  Sun  or  Star  rifes 
or  fets. 

Definition  VI.  Right  Afcenfion  of  the  Sun,  or  of  a  Star,  is  that  part  of  the  Equinodial 
reckoned  from  the  beginning  of  Aries,  which:  rifeth  or  fetteth  with  the  Sun  or  Star  in  a 
Right  Sphere  :  but  in  an  Oblique  Sphere  it  is  that  part  of  a  Degree  of  the  Equinodial, 
which  comes  to  the  Meridian  with  it,  (as  before)  reckoned  from  the  beginning  of  Aries. 

Definition  VII.  A  right  or  dired  Sphere,  is  when  the  Poles  are  in  the  Horizon,  ancT  the 
Equator  in  the  Zenith  :  the  Confluence  of  being  under  fuch  a  Pofition  of  the  Heavens  as 
this  (which  is  the  cafe  of  thofe  who  live  directly  under  the  Line)  is,  that  the  Inhabitants 
have  no  Latitude  nor  Elevation  of  the  Pole  ;  they  can  nearly  fee  both  the  Poles  of  the 
World.  All  the  Stars  in  the  Heaven  do  once  in  twenty-four  Hours  rife,  culminate,  and 
fet  with  them  ;  the  Sun  always  rifes  and  defcends  at  Right  Angles  with  the  Horizon, 
which  is  the  Reafon  they  have  always  equal  Days  and  Nights,  becaufe  the  Horizon  doth 
exadly  bifed  the  Circle  of  the  Sun's  Diurnal  Revolution. 

Definition  VIII.  A  Parallel  Sphere,  is  where  the  Poles  are  in  the  Zenith  and  Nadir,  and 
the  Equinoctial  in  the  Horizon  ;  which  is  the  Cafe  of  fuch  Perfons,  if  any  fuch  there  be, 
Who  live -di redly  under  the  North  or  South  Poles. 

And  the  Confequences  of  fuch  a  Pofition  are,  that  the  Parallels  of  the  Sun's  Declination 
will  a!fo  be  Parallels  of  his  Altitude,  or  Almacanters  to  them.  The  Inhabitants  can  fee 
only  fuch  Stars  as  are  on  their  fide  the  Equinodial ;  and  they  muft  have  fix  Months  Day, 
and  fix  Months  continual  Night  every  Year  ;  and  the  Sun  can  never  be  higher  with  them 
than  2 3  Degrees,  30  Minutes,  (which  is  not  fo  high  as  it  is  with  us  on  February  the  iotb.) 

Definition  IX.  An  oblique  Sphere,  is  where  the  Pole  is  elevated  to  any  Number  of  De- 
grees lefsthan  po  :  and  confequently  the  Axis  of  the  Globe  can  never  be  at  Right  Angles 
to,  nor  in  the  Horizon  ;  and  the  Equator  and  Parallels  of  Declination,  will  all  cut  the  Ho- 
rizon obliquely,  from  whence  it  takes  its  Name. 

Oblique  Afcenfion  of  the  Sun  or  Stars,  is  that  Part  or  Degree  of  the  Equinodial  reckon- 
ed from  the  beginning  of  Aries y  which  rifes  and  fets  with  them  in  an  oblique  Sphere. 

Afcenfional  Difference,  is  the  Difference  between  the  right  and  oblique  Afcenfion,  when 
the  Iefler  is  fubftraded  from  the  greater. 

"  On  the  Terrcfirial  Globe. 

Definition  X.  A  Space  upon  the  Surface  of  the  Earth,  reckoned  between  two  Parallels  to 
.the  Equator,  wherein  the  Increafe  of  the  longeft  Day  is  a  quarter  of  an  Hour,  is  by  fome 
^Writers  called  a  Parallel. 

Definition 
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Definition  XI.  And  the  Space  contained  between  two  fuch  Parallels,  is  called  a  Climate  : 
Thefe  Climates  begin  at  the  Equator  ;  and  when  we  go  North  or  South,  till  the  Day  becomes 
half  an  Hour  longer  than  it  was  before,  they  fay  we  are  come  into  the  firft  Climate  ;  when 
the  Days  are  an  Hour  longer  than  they  are  under  the  Equator,  we  are  come  to  the  Second 
Climate,  &c  thefe  Climates  are  counted  in  Number  24,  reckoned  each  ways  from  the  Poles. 

The  Inhabitants  of  the  Earth  are  divided  into  three  forts,  as  to  the  falling  of  their 
Shadows. 

Definition  XII.  Amphifcii,  who  are  thofe  which  inhabit  the  Torrid  Zone,  or  live  between 
the  Equator  and  Tropicks,  and  confequently  have  the  Sun  twice  a  Year  in  their  Zenith  ; 
at  which  time  they  are  Afcii,  i.  e.  have  no  Shadows,  the  Sun  being  vertical  to  them  :  thefe 
have  their  Shadows  call:  to  the  Southward,  when  the  Sun  is  in  the  Northern  Signs,  and  to 
the  Northward  when  the  Sun  is  in  the  Southern  Signs  reckoned  in  refped  of  them. 

Definition  XIII.  Heterofcii,  who  are  thofe  whofe  Shadows  fall  but  one  way,  as  is  the  Cafe 
of  all  fuch  as  live  between  the  Tropicks  and  Polar  Circles  ;  for  their  Shadows  at  Noon  are 
always  to  the  Northward  in  North  Latitude,  and  to  the  Southward  in  South  "La- 
titude. 

Definition  XIV.  Perifiii,  are  fuch  Perfons  that  inhabit  thofe  Places  of  the  Earth  that  lie 
between  the  Polar  Circles  and  the  Poles,  and  therefore  have  their  Shadows  falling  all  manner 
of  ways,  becaufe  the  Sun  at  fome  time  of  the  Year  goes  clear  round  about  them.  The 
Inhabitants  of  the  Earth,  in  refpeft  of  one  another,  are  alfo  divided  into  three  Sorts. 

Pericecei,  who  are  fuch  as  inhabiting  the  fame  Parallel  (not  a  great  Circle)  are  yet'directly 
oppofite  to  one  another,  the  one  being  Eaft  or  Weft  from  the  other  exactiy  180  Degrees, 
which  is  their  Difference  of  Longitude.  Now  thefe  have  the  fame  Latitude  and  Length 
of  Days  and  Nights,  but  exactiy  at  contrary  Times  ;  for  when  the  Sun  rifeth  to  one,  it  lets 
to  the  other. 

Antxci,  who  are  Inhabitants  of  fuch  Places,  as  being  under  a  Semi-circle  of  the  fame 
Meridian,  do  lie  at  equal  Diftance  from  the  Equator,  one  towards  the  North,  and  the  other 
towards  the  South.  Now  thefe  have  the  fame  Degree  of  Latitude,  but  towards  contrary- 
Parts,  the  one  North  and  the  other  South  ;  and  therefore  muft  have  the  Seafons  of  the  Year 
dire&'ly  at  contrary  Times  one  to  the  other. 

Antipodes,  who  are  fuch  as  dwell  under  the  fame  Meridian,  but  in  two  oppofite  and  equi- 
diftant  Parallels,  and  in  the  two  oppofite  Points  of  thofe  two  Parallels;  fo  that  they  go 
Feet  apainft  Feet,  and  are  diftant  from  each  other  an  intire  Diameter  of  the  Earth,  or  180 
Decrees  of  a  great  Circle.  Thefe  have  the  fame  Degree  of  Latitude,  but  the  one  South, 
the  other  North,  and  accounted  from  the  Equator  a  quite  contrary  way  ;  and  therefore 
thefe  will  have  all  things,  as  Day  and  Night,  Summer  and  Winter,  directiy  contrary  to 
one  another. 

USE  I.  To  find  the  Latitude  of  any  Place. 

Bring  the  Place  to  the  Brafs  Meridian,  and  the  Degrees  of  that  Circle,  intercepted  be- 
tween the  Place  and  the  Equinoctial,  are  the  Latitude  of  that  Place  either   North  or  South. 

Then  to  fit  the  Globe  fo  that  the  wooden  Horizon  fhall  reprefent  the  Horizon  of  that 
Place  elevate  the  Pole  as  many  Degrees  above  the  wooden  Horizon,  as  are  contain'd  in  the 
Latitude  of  that  Place,  and  it  is  done ;  for  then  will  that  Place  be  in  the  Zenith. 

If  after  this  you  rectify  the  Globe  to  any  particular  time,  you  may  by  the  Index  know 
the  time  of  Sun-rifing  and  Setting  with  the  Inhabitants  of  that  Place,  and  confequently  the 
prefent  Length  of  their  Day  and  Night,  &c. 

USE   II.  To  find  the  Longitude  of  a  Place. 

Bring  the  Places  feverally  to  the  Brafs  Meridian,  and  then  the  Number  of  Degrees  of 
the  Equinoctial,  which  are  between  the  Meridians  of  each  Place,  are  their  Difference  of 
Longitude  either  Eaft  orWeft. 

But  if  you  reckon  it  from  any  Place  where  a  firft  Meridian  is  fuppofed  to  be  placed,  you 
muft  bring  the  firft  Meridian  to  the  Brazen  one  on  the  Globe ;  and  then  turn  the  Globe  a- 
bout  till  the  other  Place  come  thither  alio  :  reckon  the  Number  of  Degrees  of  the  Equi- 
noctial intercepted  between  the  firft  Meridian,  and  the  proper  one  of  the  Place,  and  that  is 
the  Longitude  of  that  Place,  either  Eaft  or  Weft. 

USE  III.  To  find  what  Places  of  the  Earth  the  Sun  is  Vertical  to, at  any  time  ajjigned. 
Bring  the  Sun's  Place  found  in  the  Ecliptick  on  the  Terreftrial  Globe  to  the  brazen  Meri- 
dian and  note  what  Degree  of  the  Meridian  it  cuts :  then  by  turning  the  Globe  round 
about,  you  will  fee  what  Places  of  the  Earth  are  in  that  Parallel  of  Declination  (for  they 
will  all  come  fucceffively  to  that  Degree  of  the  brazen  Meridian)  ;  and  thofe  are  the  Places 
and  Parts  of  the  Earth  to  which  the  Sun  will  be  Vertical  that  Day,  whofe  Inhabitants  will 
then  be  Afcii ;  that  is,  their  ered  Bodies  at  Noon  will  call  no  Shadow. 

OS 
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Of  the  Celejlial  Globe. 

USE  IV.  "to  find  the  Suns  place  in  the  Ecliptick  in  any  given  Day  of  the  Month,  by  means  of 

the  Circle  of  Signs  on  the  -wooden  Horizon. 

Seek  the  Day  of  the  Month  upon  the  Horizon,  obferving  the  Difference  between  the 
Julian  and  Gregorian  Calendars  ;  and  then  againft  the  faid  Day  you  will  find,  in  the  Circle  of 
Signs,  the  Sign  and  Degree  the  Sun  is  in  the  faid  Day.  This  being  done,  find  the  fame 
Sign  and  Degree  upon  the  Ecliptick  on  the  Superficies  of  the  Globe,  and  the  Sun's  place 
will  be  had.  Note,  If  the  Sun's  place  be  required  more  exactly,  you  muft  confult  an  Ephe- 
meris  for  the  given  Year,  or  elfe  calculate  it  from  Aftronomical  Tables. 

U  S  E  V.  "The  Suns  Place  for  any  Dnjrbeing  given,  to  find  his  Declination. 
r  Bring  the  Sun's  Place  for  that  Day  to  the  Meridian,  and  then  the  Degrees  of  the  Meri- 
dian, reckoned  from  the  Equinoctial  either  North  or  South  to  the  faid  Place,  fhew  the 
Sun's  Declination  for  that  Day  at  Noon,  either  North  or  South,  according  to  the  time  of 
the  Year,  viz,,  from  March  the  10th  to  September  the  nth,  North;  and  from  thence  to  March 
again,  South. 

USE  VI.  To  find  the  Suns  Amplitude  either  Rifing  or  Setting. 
Having  rectified  the  Globe  to  the  Latitude  of  the  Place,  that  is,  moved  the  brazen  Me- 
ridian till  the  Degree  of  Latitude  thereon  be  cut  by  the  Plane  of  the  wooden  Horizon, 
bring  the  Sun's  Place  to  the  faid  Horizon  either  on  the  Eaft  or  Weft  fide,  and  the  Degrees 
of  the  Horizon,  reckoned  from  the  Eaft  Point,  either  North  or  South,  give  the  Amplitude 
fought,  and  at  the  fame  time  you  have  in  the  Circle  of  Rhumbs  the  Point  that  the  Sun  rifes 
or  fets  upon. 

USE  VII.  To  find  the  Sun's  Right  Afcenfion. 

Bring  the  Sun's  Place  to  the  brazen  Meridian,  and  the  Degrees  intercepted  between  the 
beginning  of  Aries,  and  that  Degree  of  the  Equinoctial  which  comes  to  the  Meridian  with 
the  Sun,  is  the  Right  Afcenfion  ;  which  if  you  would  have  in  time,  you  muft  reckon  every 
15  Degrees  for  one  Hour,  and  every  Degree  four  Minutes. 

Note,  The  Reafon  of  bringing  the  Sun's  place  to  the  Meridian  in  this  Ufe,  is  to  fave  the 
trouble  of  putting  the  Globe  into  the  Pofition  of  a  Right  Sphere  :  for  properly  Right  A- 
fcenfion  is  that  Degree  of  the  Equinoctial,  which  rifes  with  the  Sun  in  a  Right  Sphere.  But 
fince  the  Equator  is  always  at  Right  Angles  to  the  Meridian,  if  you  bring  the  Sun's  place 
thither,  it  muft  in  the  Equinoctial  cut  his  Right  Afcenfion. 

USE  VIII.  To  find  the  Sun's  Oblique  Afcenfion. 

Having  rectified  the  Globe  to  the  Latitude,  bring  the  Sun's  Place  to  the  Eaft-fide  the 
Horizon,  and  the  Number  of  Degrees  intercepted  between  that  Degree  of  the  Equinoctial, 
which  is  now  come  to  the  Horizon  and  the  beginning  of  Aries,  is  the  Oblique  Afcenfion. 
Now  the  leffer  of  thefe  two  Afcenfions  being  taken  from  the  greater,  the  Remainder  is 
the  afcenfional  Difference  ;  which  therefore  is  the  Difference  in  Degrees  between  the  Right 
or  Oulique  Afcenfion,  or  the  Space  between  the  Sun's  Rifing  or  Setting,  and  the  Hour  of 
fix.  Wherefore  the  afcenfional  Difference  being  converted  into  Time,  will  give  the  time 
of  the  Sun's  Rifing  and  Setting  before  or  after  fix. 

USE  IX.  To  find  the  time  of  the  Suns  Rifing  or  Setting  in  any  given  Latitude. 
Having  firft  brought  his  Place  to  the  Meridian,  and  the  Hour-Index  to  twelve  at  Noon, 
bring  his  Place  afterwards  to  the  Horizon,  either  on  the  Eaft  or  Weft-fide  thereof;  then  the 
Hour-Index  will  either  fhew  the  time  of  his  Rifing  and  Setting  accordingly.  Now  the  time 
of  the  Sun's  Setting  being  doubled,  gives  the  Length  of  the  Day  ;  and  the  time  of  his  Ri- 
fing doubled,  gives  the  Length  of  the  Night. 

USE  £X.  To  find  the  Suns  Meridian  Altitude,  or  Depreffion  at  Midnight,  in  any  given 

Latitude. 

Bring  his  Place  to  the  Meridian  above  the  "Horizon,  for  his  Noon  Altitude,  which  will 
fhew  the  Degrees  thereof,  reckoning  from  the  Horizon  ;  and  to  find  his  midnight  Depreffion 
below  the  North  Point  of  the  Horizon,  the  Point  in  the  Ecliptick  oppofite  to  the  Sun's 
prefent  Place,  muft  be  brought  to  the  South  part  of  the  Meridian  above  the  Horizon, 
and  the  Degrees  there  intercepted  between  that  Point  and  the  Horizon,  are  his  midnight 
Depreffion. 

USE  XI.  To  find  the  Sun's  Altitude  at  any  time  of  the  Day  given. 
Rectify  the  Globe,  that  is,  bring   the  Sun's  Place  to  the  Meridian,  and    (et  the  Hour- 
Index  to  twelve,  and  raife  the  Pole  to   the  Latitude  of  the  Place  above  the  Horizon.     This 
J?eing  done,  fit  the  Quadrant  of  Altitude,  that  is,    fcrew  the  Quadrant  of  Altitude  to 

the 
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the  Zenith,  or  in  our  Latitude  fcrew  it  fo  that  the  divided  Edge  cut  51  deg.  32  min.  on 
the  Meridian  reckoned  from  the  Equinoctial.  Then  turn  the  Globe  about  till  toe  Index 
fliews  the  given  time,  and  flay  the  Globe  there  ;  after  which,  bring  the  Quadrant  of  Alti- 
tude to  cut  the  Sun's  Place  in  the  Ecliptick,  and  then  that  Place  or  Degree  of  the  Ecliptick 
will  fhew  the  Sun's  Altitude  on  the  Quadrant  of  Altitude. 

USE   XII.  To  find  the  Suns  Altitude,   and  at  -what  Hlur  he  is  due  Eaft  or  WjJI. 
Rectify  the  Globe,  and  fit  the  Quadrant  of  Altitude.     Then  bring  the  Quad  ran-,    to   cut 
the  true  Eaft  Point,  and  turn  the  Globe  about   till  the  Sun's  Placein  the  Epfiptlck  cu.s 
the  divided  Edge  of  the  Quadrant  of  Altitude  ;  for  then  that  Place  will  fheW  cne'Aicitude, 
and  the  Index  the  Hour. 

USE   XIII.  The  Sun's  Azimuth,  or  "when  he  is  on  any  Point  of  the  Compafs  being  given  ;  to 

find  his  Altitude  and  the  Hour  of  the  Day. 

Set  the  Quadrant  of  Altitude  to  the  Azimuth  given,- and  curn  the  Globe  abour  rill  his 
Place  in  the  Ecliptick  touches  the  divided  Edge  of  the  Quadrant ;  fo  fhail  that  Place  give 
the  Altitude  on  the  Quadrant,  and  the  Hour-Index  the.rt  ltne.of  the  Day. 

USE    XIV.  To  find  the  Declination,  and  Right  A/ten  lion  of  any  Star. 
Bring  the  Star  to  the  brazen  Meridian,  and   then   the   Degree   intercepted  between   the 
Equinoctial  and  the  Point  of  the  Meridian  cut   by  the  Scar,  gives  its    Declinations.     A   1 
the   Meridian  cuts,  and  fhews  its  Right  Afcenfion  on  the  Equinoctial,  reckoning   from  the 
beginning  of  Aries. 

USE  XV.  To  find  the  Longitude  and  Latitude  of  any  Star. 
Bring  the  Solftitial  Colure  to  the  brazen  Meridian,  and  there  fix  the  Globe  ;  then  will  the 
Pole  of  the  Ecliptick  be  juft  under  23  deg.  50  min.  reckoning  from  the  Pole  above  the  N  rth 
Point  of  the  Horizon,  and  upon  the  fame  Meridian  ;  there  fcrew  the  Q:a:lrant  of  Altitude, 
and  then  bring  its  graduated  Edge  to  the  Star  affigned,  and  there  (lay  it  :  fo  will  the  S^ar 
cuts  its  proper  Latitude  on  the  Quadrant,  reckoned  /rom  the  Ecliptick  ;  and  the  Quadrant 
will  cut  the  Ecliptick  in  the  Star's  Longitude,  or  its  Diftance  from  the  firft  Point  o( 
Aries. 

USE   XVI.  To  find  the  time  of  any  Star's  rifing,  fetting,  or  culminating,  that  is,  being  on 

the  Meridian. 

Rectify  the  Globe,  and  Hour-Index,  and  bring  the  Star  to  the  Eaft  or  Weft  part  of  the 
Horizon,  or  to  the  brazen  Meridian,  and  the  Index  will  fhew  accordingly  the  time  of  the 
Star's  rifing,  fetting  or  culminating,  or  of  its  being  on  the  Meridian. 

USE  XVII.  To  know,  at  any  time  affigned,  what  Stars  are  rifing  or  fetting,  which  are  on  the 
Meridian,  and  how  high  they  are  above  the  Horizon  ;  on  what  Azimuth  or  Point  of  the  Compafs  they 
are  ;  by  which  means  the  real  Stars  in  the  Heaven  may  eafily  be  known  by  their  proper  Names,  and 
rightly  diftinguifoed  from  one  another. 

Rectify  the  Globe,  and  fit  the  Quadrant  of  Altitude,  and  fet  the  Globe,  by  means  of 
the  Compafs,  due  North  and  South  ;  then  turn  the  Globe  and  Hour-Index  to  the  Hour  of 
the  Night  affigned ;  fo  will  the  Globe,  thus  fixed,  reprefent  the  Face  or  Appearance  or  the 
Heavens  for  that  time  :  whereby  you  may  readily  fee  what  Stars  are  in  or  near  the  Hori- 
zon;  what  are  on  or  near  the  Meridian  ;  which  are  to  the  North,  or  which  to  the  South, 
&c.  and  the  Quadrant  of  Altitude  being  laid  over  any  particular  Star,  will  fhew  its  Al- 
titude and  Azimuth,  or  on  what  Point  of  the  Compafs  it  is,  whereby  any  Star  may  eaiily 
be  known  ;  efpecially  if  you  have  a  Quadrant  to  take  the  Altitude  of  any  real  Star  fuppofed 
to  be  known  by  the  Globe,to  fee  whether  it  agrees  with  that  Star  which  is  its  Reprefentativc 
on  the  Globe  or  not. 

USE  XVIII.  The  Suns  Place  given,  as  alfo  a  Star's  Altitude,  to  find  the  Hour  of  the 

Night. 

Rectify  the  Globe,  and  fit  the  Quadrant  of  Altitude ;  then  move  the  Globe  backwards 
or  forwards,  till  the  Quadrant  cuts  the  Star  in  its  given  Altitude :  for  then  the  Hour-Index 
will  fhew  the  Hour  of  the  Night.  And  thus  may  the  Hour  of  the  Night  be  known  by  a 
Star's  Azimuth,  or  its  Azimuth  by  its  Altitude. 

USE   XIX.  To  find  the  Diftance  between  any  two  Stars. 
If  the  Stars  lie  both  under  the  fame  Meridian,  bring  them  to  the   brazen  Meridian,  and 
the  Degrees  of  the  faid  Meridian  comprehended  between  them,  are  their  Diftance. 

If  they  are  both  in  the  Equinoctial,  or  have  both  the  fame  Declination,  that  is,  are  both 
in  the  fame  Parallel,  then  bring  them  one  after  another  to  the  brazen  Meridian,  and  the  De- 
grees of  the  Equinoctial  intercepted  between  them,  when  thus  brought  to  the  Meridian  fe- 
veraily,  are  their  Diftance. 

B  b  b  H 
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If  the  Stars  are  neither  under  the  fame  Meridian  or  Parallel,  then  either  lay  the  Qua- 
drant of  Altitude  from  one  to  the  other  (if  it  will  reach)  and  that  will  fhew  the  Diflance 
between  them  in  Degrees ;  or  elfe  take  the  Diflance  with  Compafies,  and  apply  that  to  the 
Equino&ial,  or  to  the  Meridian. 

This  Method  of  Proceeding  will  aifo  fhew  the  Diflance  of  any  two  Places  on  the  Ter- 
reftrial  Globe  in  Degrees.  Wherefore  to  find  how  far  any  Place  on  the  Globe  is  from  ano- 
ther, you  need  only  take  the  Diflance  between  them  on  the  Globe  with  a  Pair  of  Compafles, 
and  applying  the  Companies  to  the  Equator  at  the  beginning  of  Aries,  or  at  the  firft  Meri- 
dian, you  will  there  find  the  Degrees  of  their  Diflance,  which  multiply 'd  by  70,  and  that  will 
be  their  Diflance  in  Miles. 

CHAP.  III. 
Of  Spheres. 

SECTION  1. 

Of  the  Ptolemaick  Sphere* 

Fig*S«  HT^HE  third  Figure  of  Plate  18 ,  reprefents  a  Ptolemaick   Armillary  Sphere,  made  of 

J[  Brafs,  or  Wood,  confifting  of  the  fame  Circles  that  have  been  defcribed  in  Chapter  I. 
aforegoing,  and  having  a  round  Ball  fixed  in  the  middle  thereof,  upon  the  Axis  of  the 
World,  reprefenting  the  Earth.  Upon  the  Surface  of  this  Ball  are  drawn  Meridians,  Pa- 
rallels, &c.  as  likewife  as  many  Kingdoms,  Countries,  Seas,  &c.  with  their  Names,  as  can 
conveniently  be  depicted  thereon.  This  Sphere  revolves  about  the  faid  Axis,  between  the 
Meridian,  and  by  this  means  not  only  fhews  the  Sun's  diurnal  and  annual  Courfe,  &c.  about 
the  Earth,  according  to  the  Ptolemaick  Hypothefis,  which  fuppofes  the  Earth  to  be  at  reft, 
and  the  Sun  to  move  about  the  fame  ;  but  likewife  by  it  any  Problem  relating  to  the  Sun, 
may  be  folved,  that  can  be  done  by  the  Globes.  And  this  any  one  that  knows  the  Ufe  of 
the  Globes  may  likewife  do. 

SECTION    II. 

Of  the  coftimon  Copernican  Sphere. 

Fig.  4.  This  Sphere  flands  upon  four  brafs  or  wooden  Feet,  upon  each  of  which  are  fixed  the  four 

ends  of  a  brafs  or  wooden  Crofs,upon  which  Crofs  is  fattened  a  large  hollow  brafs  or  wooden 
Circle,  whofe  Center  is  exactly  over  the  Center  of  the  Crofs.  Upon  the  upper  Plane  of  this 
Circle  are  the  Calenders,  and  Circle  of  Signs  defcribed,  the  fame  as  on  the  Horizon  of  the 
Globes.  Clofe  within  the  infide  of  this  Circle  is  fitted  a  flat  moveable  Rundle,  whofe  Cen- 
ter is  common  with  the  Center  of  the  Crofs.  The  outmofl  Limb  of  this  Rundle  is  divided 
into  24  equal  Parts,  reprefenting  the  24  Hours  of  Day  and  Night,  numbered  from  the  In- 
dex (of  which  more  hereafter)  towards  the  Right-hand  with  Numerical  Letters  from  I  to 
XII,  and  then  beginning  again  with  I,  II,  &c.  to  XII  again. 

There  is  a  round  Wheel  fixed  upon  the  Crofs,  under  the  faid  Rundle,  whofe  Convex 
Side  is  cut  into  a  certain  Number  of  Teeth.  Thro  the  Rundle,  the  Wheel  on  the  Crofs, 
and  the  Crofs  itfelf,  is  fitted  a  perpendicular  Axis,  about  which  the  Rundle  moves.  This 
reprefents  part  of  the  Axis  of  the  Ecliptick,  and  at  the  top  thereof  is  placed  a  little  Golden 
Ball,  reprefenting  the  Sun. 

On  the  under  fide  of  the  moveable  Rundle  moves  another  Wheel,  whofe  Convex  Side  is 
cut  into  Teeth,  and  as  the  Rundle  is  turned  about  upon  its  Center,  this  Wheel  is  alfo  turn- 
ed about  upon  its  Center,  by  the  falling  in  of  the  Teeth  on  that  Wheel  fixed  on  the  Crofs. 
Likewife  near  the  outmofl  Limb  of  the  Rundle  is  fitted  another  Wheel,  into  which  is  fitted 
a  Pedeflal,  holding  up  a  Sphere  of  feveral  Parts,  having  a  Terreflrial  Globe  inclofed  therein, 
as  (hall  be  fhewn  hereafter.  The  outmofl  Limb  of  this  Wheel  is  likewife  cut  into  Teeth, 
fitted  into  the  Teeth  of  the  fixed  Wheel  ;  and  fo  as  the  Rundle  moves  round,  this  Wheel 
is  carried  about,  and  with  it  likewife  the  Earth,  and  all  the  Circles  fattened  upon  the  afore- 
faid  Pedeflal. 

On  one  fide  of  this  Rundle  is  fattened  a  little  round  Pin  to  turn  about  the  Rundle  by, 
and  near  this  Pin,  is  an  Index  upon  the  Rundle,  reaching  to  the  outward  Limb  of  the 
great  hollow  Circle,  and  fo  at  once  may  be  applied  to  the  Day  of  the  Month  in  both  Ca- 
lenders, and  alfo  to  the  Degree  of  the  Ecliptick  the  Sun  is  in  that  Day  at  Noon.  Note, 
This  Index  is  called  the  Index  of  the  moveable  Rundle.  On  each  fide  of  the  Crofs  is  placed 
a  Pillar,  fupporting  a  broad  Circle,  reprefenting  theZodiack,  with  the  Ecliptick  in  the  mid- 
dle 
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die  thereof,  as  in  the  Pcolemaick  Sphere.     Note,  This  is  called  the  Zodiack,  in  the  Ufe  of 
the  Sphere. 

Upon  the  aforefaid  Pedeftal  are  fattened  two  Circles  cutting  each  other  at  Right  Angles, 
reprefenting  the  two  Colures  fo  placed,  that  the  Points  wherein  they  interfect  each  other 
ftand  directly  upwards  and  downwards,  and  reprefent  the  Poles  of  the  Ecliptick,  the  up- 
permoft  being  the  North,  and  the  other  the  South.  One  of  thefe  Colures,  viz,,  the  Solftitial, 
hath  a  fmall  Hour-Circle  placed  thereon,  at  the  extremity  of  the  Axis  of  the  Earth. 
In  the  middle,  between  the  two  Poles  of  the  Ecliptick,  is  a  Circle  broader  than  the  Co- 
lures, cutting  them  at  Right  Angles ;  and  this  reprefents  the  Ecliptick,  fo  called  in  the  Ufe 
of  the  Sphere,  and  is  divided  into  Degrees,  figured  with  the  Names  and  Characters  of  the 
Signs,  and  having  on  the  inward  edge  thereof  feveral  of  the  moft  notable  fixed  Stars,  with 
the  Names  affixed  to  them,  and  each  Star  placed  to  the  Degree  and  Minute  of  Longitude 
thereon,  that  it  hath  in  Heaven. 

Oblique  to  this  Ecliptick  237  Degrees,  on  the  infide,  is  fitted  a  thin  Circle,  reprefent- 
ing the  Equinoctial,  and  is  divided  into  360  Degrees,  and  having  two  parallel  leffer  Circles 
at&23  7  Degrees  equally  diftant  therefrom,  reprefenting  the  Tropicks.  On  the  infide  of  all 
thefe  Circles,  two  thin  Semi-circles  (called  Semi-circles  of  Latitude)  are  fitted  in  the  Poles 
of  the  Ecliptick,  fo  as  one  of  them  may  move  thro  one  half  of  the  Ecliptick,  viz,,  from 
Cancer  thro  Aries  to  Capricorn;  and  the  other  from  Cancer  thro  Libra  to  Capricorn:  the  former 
of  thefe  may  be  called  the  vernal  Semi-circle  of  Latitude,  and  the  other  the  autumnal 
Semi-circle  of  Latitude.  On  the  edge  of  thefe  Semi-circles  are  depicted  the  fame  fixed 
Stars  in  their  proper  Longitude  and  Latitude,  as  are  placed  on  the  ecliptick  Circle  aforefaid, 
with  their  feveral  Names  affixed  to  them. 

Thro  the  folftitial  Colureat  23  7  Degrees  from  each  Pole  of  the  Ecliptick,  goes  a  Wire, 
reprefenting  the  Earth's  Axis,  having  an  Index  placed  on  the  end  thereof,  for  pointing  at 
the  Hour,  on  the  Hour-Circle  placed  on  the  folftitial  Colure,  as  aforefaid.  In  the  middle  of 
this  Axis  is  fixed  a  round  Ball,  reprefenting  the  Earth,  having  Meridians,  Parallels,  &c.  and 
the  Bounds  of  the  Lands  and  Waters  depicted  thereon,  as  alfo  the  Names  of  as  many  Coun- 
tries and  Towns  as  can  be  placed  with  conveniency  thereon.  And  in  two  oppofite  Points 
of  the  Equinoctial  of  this  Ball,  viz,.  90  Degrees  diftant  from  the  firft  Meridian,  are  fixed 
two  fmall  Pins,  whereon  a  moveable  Horizon  is  placed,  in  the  Eaft  and  Weft  Points  thereof; 
fo  that  thefe  Pins  ferve  for  an  Axis  to  the  Horizon :  for  on  thefe  Pins  the  Horizon  may  be 
elevated  or  depreffed  to  any  Degree  the  Pole  is  elevated  above  the  Horizon.  This  Horizon 
Aides  on  the  North  and  South  Points,  within  a  brazen  Meridian,  hung  upon  the  Axis  of 
the  Earth. 

Round  this  Meridian,on  the  outmoit  Side,is  made  a  Groove,  having  a  fmall  brafs  Ring  fitted 
therein,  fo  as  the  upper  fide  thereof  is  even  with  the  upper  fide  of  the  brazen  Meridian.  This 
fmall  brafs  Ring  is  fattened  to  two  oppofite  Points  in  the  Horizon,  viz,.m  the  North  and  South, 
and  ferves  as  a  Spring  to  keep  it  to  the  Degree  of  the  Meridian  you  elevate  the  Horizon  to. 
Upon  two  Pins  on  this  fmall  Ring,  are  likewife  faftened  two  Semi-circles  of  Altitude,  yet  not 
fo  faftened,  but  that  they  may  move  as  upon  Centers,  the  one  moving  from  North  to  South, 
thro  the  Eaft-fide  of  the  Horizon,  and  the  other  the  fame  way  thro  the  Weft-fide.  This 
Motion  is  performed  upon  the  two  Pins  aforefaid,  as  upon  two  Poles,  which  they  reprefent, 
viz,,  the  Poles  of  the  Horizon,  and  therefore  are  fo  placed,  that  they  may  divide  the  up- 
per and  lower  half  of  the  Horizon  into  two  equal  Parts,  and  as  the  Horizon  is  moved,  Hide 
always  into  the  Zenith  and  Nadir,  and  fo  become  the  Poles  of  the  Horizon.  Thefe  two 
Semi-circles  of  Altitude  are  divided  into  twice  90  Degrees,  numbered  at  the  Horizon  up- 
wards and  downwards,  and  ending  at  00  in  the  Zenith  and  Nadir. 

SECTION    III. 

The  Ufe  of  the  Copertiican  Sphere* 

U  S  E  I.  'the  Day  of  the  Month  given  ;  to  retlify  the  Sphere  for  Ufe  in  any  given  Latitude , 
and  to  fet  it  correfpondent  to  the  Situation  of  the  Heavens. 

Brin«  the  Index  of  the  moveable  Rundle  to  the  Day  of  the  Month,  and  elevate  the  Ho- 
rizon to  the  Latitude  of  the  Place  ;  then  bring  the  Meridian  to  the  Sun's  Place  in  the 
Ecliptick,  and  the  Index  of  the  Hour-Circle  to  12.  Laftly,  Bring  the  Center  of  the 
Earth,  the  S»un,  or  Golden  Ball,  in  the  Sphere,  and  the  Sun  in  Heaven  into  a  Right  Line. 
Then  will  the  Earth  be  rectified  to  its  Place  in  Heaven,  the  Horizon  to  its  Latitude  on 
Earth,  the  Circles  on  the  Sphere  agreeable  to  thofe  in  Heaven,  and  the  whole  correfpon- 
dent  with  the  Heavens  for  that  Day  at  Noon. 

USE  II.  The  Day  of  the  Month  being  given,  to  find  the  Suns  Declination. 
Rectify  the  Earth's  place  (according  to  Ufe  I.)  and  then  you  will  have  the  Sun's  place  in 
the  Zodiack  ;  then  bring  the  Meridian  to  the  Sun's  place  in   the  Ecliptick  on    the  Sphere  ; 
and  the  Number  .of  Degrees  comprehended  between  the  Equinoctial  and  the  Sun's  place,  are 
the  Sun's  Declination  for  that  Day  at  Noon. 

USE 
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USE  III.  To  find  the  Suns  Right  or  Oblique  Afcenfion  for  any  Day  at  Noon. 

Rectify  the  Earth's  place  to  the  Day  of  the  Month,  and  bring  the  Meridian  to  the  Sun's 
place  in  the  Ecliptick  ;  and  the  Number  of  Degrees  on  the  Equinoctial  contained  between 
the  vernal  Colure,  and  the  Sun's  place,  are  the  Right  Afcenfion  fought. 

Now  to  find  the  Oblique  Afcenfion,  turn  the  Earth  till  the  Eaft  fide  of  the  Horizon  (lands 
againft  the  Sun,  and  the  Degree  of  the  Equinoctial  then  at  the  Horizon,  fhews  the  Ob- 
lique Afcenfion. 

USE  IV.  To  find  the  Sun's  Meridian  Altitude. 
Bring  the  Index  of  the  Rundle  to  the  Day  of  the  Month,  and  rectify  the  Horizon  to  the 
Latitude  of  the  Place.     This  being  done,  bring  the  Meridian  to    the  Sun's   place   in    the 
Ecliptick,  and  the  Number  of  Degrees  on  the  Meridian  comprehended  between  the  Horizon 
and  the  Sun's  place,  gives  the  Meridian  Altitude  fought. 

U  S  E  V.  To  find  the  Sun's  Altitude  at  any  time  of  the  Day. 
Bring  the  Index  of  the  moveable  Rundle  to  the  Day  of  the  Month,  and  rectify  the  Ho- 
rizon, and  Hour-Index  :  then  turn  the  Earth  till  the  Hour-Index  comes  to  the  given  Hour 
of  the  Day,  fand  bring  the  vertical  Circle  to  the  Sun's  place,  and  the  Number  of 
Degrees  of  the  vertical  Circle  that  tranfite  the  Sun's  place,  are  his  Altitude  above  the 
Horizon. 

USE   VI.  The  Sun's  Altitude  being  given,  to  find  the  Hour  of  the  Day. 
Bring  the  Index  of  the  Rundle  to  the  Day    of  the  Month,  and   rectify  the  Horizon  and 
Hour-Index  (as  by  Ufe  I.)  then  turn  the  Earth  till  you   can   nt   the  Horizon  to    trie  given 
Altitude  upon  the  vertical  Circle,  dire&ly   againft   the  Sun's  place  ;  then   the  Hour-Index 
will  give  the  Hour  of  the  Day,  refpect  being  had  to  the  Morning  or  Afternoon. 

USE   VII.    To  find  at  -what   Hour  the  Sun  comes  to  the  Eaft  or  Weft  Points  of  the 

Horizon. 

Bring  the  Index  of  the  moveable  Rundle  to  the  Day  of  the  Month,  and  rectify  the  Ho- 
rizon and  Hour-Index  (as  by  Ufe  I.)  then  bring  the  vertical  Circie  to  the  Eaft  Point  of  the 
Horizon,  if  it  be  the  Sun's  Eafting  you  would  enquire ;  or  to  the  Weft  Point  of  the  Horizon, 
if  it  be  the  Sun's  VVefting.  This  "being  done,  turn  the  Earth  till  the  vertical  Circle  comes 
to  the  Sun's  place  ;  then  will  the  Index  point  to  the  Hour  of  the  Day. 

USE  VIII.  To  find  the  time  of  the  Sun's  rifing  or  fetting. 
Bring  the  Index  of  the  moveable  Rundle  to  the  Day  of  the  Month,  and  rectify  the  Ho- 
rizon, and  Hour-Index.  Then  turn  the  Earth  Eaftwards,  till  fome  part  of  the  Eaft-fide 
of  the  Horizon  ftands  diredly  againft  the  Sun's  place  ;  then  will  the  Hour-Index  point  to 
the  time  of  the  Sun's  rifing.  Again,  Turn  the  Earth  till  fome  part  of  the  Weit-iide  of  the 
Horizon  ftands  directly  againft  the  Sun's  place,  then  the  Index  of  the  Hour-Circle  whli  fhew 
the  time  of  the  Sun's  fetting. 

USE  IX.  The  Hour  of  the  Day  given,  to  find  the  Sun's  Azimuth. 
Bring  the  Index  of  the  moveable  Rundle  to  the  Day  of  the  Month,  and  rectify  the  Ho- 
rizon and  Hour-Index.  Then  turn  the  Earth  till  the  Hour-Index  points  to  the  Hoar  of 
the  Day  given.  This  being  done,  bring  the  vertical  Circle  to  the  Sun's  place,  and.  the 
Number  of  Degrees  of  the  Horizon,  that  the  vertical  Circle  cuts,  counted  from  the  Eaft 
Point,  either  Northwards  or  Southwards,  are  the  Degrees  of  the  Sun's  Azimuth  before 
Noon.  Or  the  Number  of  Degrees  of  the  Horizon  that  the  vertical  Circle  cuts,  counted 
from  the  Weft-fide  of  the  Horizon,  either  Northwards  or  Southwards,  give  the  Sun's 
Azimuth  after  Noon. 

U  S  E  X.  To  find  in  what  Place  of  the  Earth  the  Sun  is  in  the  Zenith,  at  any  given  time  ;  as 
alfo  in  what  fever al Places  of  the  Earth  the  Sunfloall  ftand  in  the  Horizon  at  the  fame  time. 

Bring  the  Index  of  the  moveable  Rundle  to  the  Day  of  the  Month,  and  rectify  the  Hour- 
Index  ;  then  feek  the  Sun's  Declination,  and  turn  the  Earth  eaftwards  till  the  Index  points 
to  the  given  Hour ;  fo  fhall  the  Number  of  Degrees  of  the  Equinoctial  that  the  Meridian 
paffesthro  while  the  Earth  is  thus  turning,  be  the  Number  of  Degrees  of  Longitude,  eaft- 
wards-from  your  Habitation,  the  Place  fhall  have  in  the  Parallel  of  the  Sun's  Declination. 

Now  if  you  open  a  Pair  of  Calliper  Compaffes  to  oo  Degrees  on  the  Equinodial,  and 
place  one  Foot  in  this  Point  of  the  Earth  thus  found,  and  turn  the  other  Foot  round 
about  the  Earth,  all  the  Places  that  the  Foot  pafles  thro  will  at  that  time  have  the  Sun  in 
their  Horizon. 

USE 
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USE  XL  How  to  find  the  true  Places  of  the  Stars  on  the  Sphere-,  as  likewife  their  Longitude 

and  Latitude. 

Round  the  Plane  of  the  Ecliptick,  are  placed  feveral  of  the  moft  noted  fixed  Stars,  ac- 
cording to  their  true  Longitude  ;  and  along  the  two  Semi-circles  of  Latitude,  are  the  fame 
Stars  placed  according  to  their  Latitude  from  the  Ecliptick.  Whence  if  you  would  find  the 
true  place  of  any  given  Star  in  the  Sphere  ;  Firft  feek  the  Star  in  the  Ecliptick,  and  like- 
wife  the  fame  Star  on  one  of  the  Semi-circles  of  Latitude,  and  bring  the  edge  of  that  Semi- 
circle to  the  Star  in  the  Ecliptick  ;  then  will  the  Star  on  the  Semi-circle  of  Latitude  ftand  in 
the  fame  Place  and  Situation  on  the  Sphere,  that  it  does  in  Heaven. 

USE  XII.  To  find  the  Declination,  right  and  oblique  Afcenfion  of  a  Star. 
Bring  the  proper  Semi-circle  of  Latitude  to  the  Star  on  the  Ecliptick,  and  the  Meridian 
to  the  Star  on  the  Semi-circle  of  Latitude  ;  and  then  the  Number  of  Degrees  on  the  Me- 
ridian, comprehended  between  the  Equinoctial  and  the  Star,  are  its  Declination.  Likewife 
the  Degree  of  the  Equator,  cut  by  the  Meridian,  is  the  Star's  right  Afcenfion.  But  to 
find  a  Star's  oblique  Afcenfion,  rectify  the  Horizon  (as  by  Ufe  I.)  and  bring  the  proper 
Semi-circle  of  Latitude  to  the  Star  in  the  Ecliptick,  and  turn  the  Eaft-fide  of  the  Horizon 
to  the  Star  ;  then  will  the  Degree  of  the  Equator  cut  by  the  Horizon  be  the  Star's  oblique 
Afcenfion. 

USE  XIII.  To  find  the  Time  of  the  Rifing  and  Setting  of  any  Star  in  any  given  Latitude. 
Bring  the  Index  of  the  moveable  Rundle  to  the  Day  of  the  Month,  and  rectify  the  Ho- 
rizon and  Hour-Index;  then  bring  the  proper  Semi-circle  of  Latitude  to  the  Star  on  the 
Ecliptick,  and  the  Eaft-fide  ot  the  Horizon  to  the  Star ;  this  being  done,  the  Hour- 
Index  will  fliew  the  Hour  the  Star  rifes  at  :  and  if  you  bring  the  Weft-fide  of  the 
Horizon  to  the  Star,  the  Index  of  the  Hour-Circle  will  fliew  the  Time  that  the 
Star  fets. 

USE  XIV.  The  Day  of  the  Month,  Hour  of  the  Night,  and  Latitude  of  the  Place   being 
given,  to  know  any  remarkable  Star  obferved  inshe  Heavens. 

Bring  the  Index  of  the  moveable  Rundle  to  the  Day  of  the  Month,  and  rectify  the  Ho- 
rizon and  Hour-Index  ;  then  turn  the  Earth  till  the  Index  of  the  Hour-Circle  comes  to  the 
Hour  of  the  Night,  and  obferve  the  Altitude  of  the  Star,  and  what  Point  of  the  Compafs 
it  bears  upon.  Afterwards  bring  the  vertical  Circle  to  the  fame  Point  of  the  Compafs,  and 
number  the  Star's  Altitude  on  the  vertical  Circle,  and  try  with  the  Semi-circle  of  Latitude 
what  Star  you  can  fit  to  that  Altitude,  for  that  is  the  Star  in  the  Heavens. 

USE  XV.  The  Azimuth  of  any  known  Star  being  given,  to  find  the  Hour  of  the  Night,  and 

Almicanter  of  that  Star. 

Bring  the  Index  of  the  moveable  Rundle  to  the  Day  of  the  Month,  and  rectify  the 
Horizon  and  Hour-Index  ;  afterwards  bring  the  Star  to  its  place,  and  the  vertical  Circle  to 
its  ki.own  Degree  of  Azimuth.  This  being  done,  turn  the  Earth  till  the  vertical  Circle 
comes  to  the  Star  ;  then  the  Index  of  the  Hour-Circle  will  fliew  the  Hour  of  the  Night, 
and  the  Degree  of  the  vertical  Circle  cut  by  the  Star  will  be  its  Almicanter. 

SECTION    IV. 

'Tbe  T)cfcriptio7i  and  Ufe  of  the  Copernican  Sphere,  called  the  Orrery. 

TheOutfide  of  this  Inftrument,  as  appears  by  the  figure  thereof,  is  very  beautiful,  the  pjate  I9 
Frame  being  of  fine  Ebony  adorned  with  12  Silver  Pilafters,  in  the  form  of  Caryatides ;  and  Fig.  1. 
with  all  the  Signs  of  the  Zodiack  caft  of  the  fame  Metal,  and  placed  between  them  :  the 
Handles  are  alfo  of  Silver  finely  wrought,  with  very  nice  Joints.  On  the  top  of  the  Frame, 
which  is  exactly  Circular,  is  a  broad  Silver  Ring,  on  which  the  Figures  of  the  twelve  Signs 
are  exactly  graved,  with  two  Circles  accurately  divided  ;  one  (hewing  the  Degrees  of  each 
Sign,  and  the  other  the  Sun's  Declination  againft  his  place  in  the  Ecliptick  each  Day  at 
Noon. 

The  aforefaid  Silver  Plate,  reprefents  the  Plane  of  the  great  Ecliptick  of  the  Heavens, 
or  that  of  the  Earth's  annual  Orbit  round  the  Sun  ;  which,  as  it  partes  thro  the  Center  of 
the  Sun,  fo  its  Circumference  is  made  by  the  Motion  of  the  Earth's  Center  ;  and  which, 
for  the  better  advantage  of  view  and  fight,  is  in  the  Figure  placed  parallel  to  the 
Horizon. 

S  is  a  large  gilded  Ball,  ftanding  up  in  the  middle,  whofe  Support  A  B  makes  with 
the  Plane  of  the  Ecliptick  an  Angle  of  about  82  Degrees.  This  Support  reprefents  the 
Sun's  Axis  continued,  about  which  he  revolves  in  about  25  Days,  and  the  Golden  Ball  re- 
prefents the  Sun  itfelf  placed  pretty   near   the  Center  of  the  Earth's   Orbit ;  fo  that 

C  c  c  when 
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when  the  Inftrument  is  fet  a  going,  the  Excentricity  of  the  Earth,  and  the  other  Planets, 
may  be  in  the  fame  proportion  as  they  are  in  the  Heavens. 

The  two  little  Balls  M  and  V,  which  Hand  upon  two  Wires  at  different  Diftances  from 
the  Sun,  reprefent  Mercury  and  Venus :  The  reafon  why  they  are  placed  upon  the  faid  two 
Wires,  is  only  that  their  Centers  may  be  fometimes  in,'  and  always  pretty  near  the  Plane  of 
the  great  Ecliptick  ;  and  this  Pofkion  is  contrived  in  order  to  fhew  what  Appearances  they 
do  really  exhibit  in  their  feveral  Revolutions  round  the  Sun. 

The  Globe  E  is  of  Ivory,  and  reprefents  the  Earth.     The  Pin  or  Wire  that  fupports  it 
reprefents  the  Earth's  Axis  continued,  and  makes  an  Angle  of  66  ~  Degrees,  with  the  Plane 
of  the  Ecliptick.     And  as  the  Earth  in  each   of  her  annual  Revolutions  round  the   Sun 
always  keeps  her  own  Axis  parallel  to  itfelf ;  fo  when  this  Inftrument  is  fet  a  going,  the  little 
Ivory  Earth  will  likewife  do  fo  too,  in  its  Revolution  round  the  Golden  Sun  S. 

The  little  Ball  m  (landing  upon  a  Wire,  reprefents  the  Moon,  and  a  b  is  a  Silver  Circle 
reprefenting  her  Orbit  round  about  the  Earth,  the  Plane  whereof  always  pafles  thro  the 
Center  of  the  Earth ;  and  there  are  feveral  Figures  graved  upon  it,  fhewing  the  Moon's 
Age,  from  one  New  Moon  to  the  other. 

One  half  of  the  Moon's  Globe  is  white,  and  the  other  black,  that  fo  her  Phafes  may  be 
reprefented  :  for  this  Inftrument  is  fo  contrived,  that  this  little  Moon  will  turn  round  its 
own  Axis,  at  the  fame  time  as  it  moves  in  the  Silver  Orbit  round  the  Earth  E. 

The  whole  Movement,  which  confifts  of  near  100  Wheels,  is  covered  by  a  great  Brafs 
Plate,  having  a  hole  in  it,  and  there  is  a  moveable  Index  on  the  Silver  Ecliptick,  on  the 
former  of  which,  are  the  common  Solar  Years  denoted  ;  and  by  taking  the  Inftrument  to 
pieces,  it  may  be  fet  to  this  prefent  time ;  and  the  Pianets,  by  means  of  an  Ephemeris,  may 
be  fet  to  any  particular  time  alfo.  So  that  if  a  Weight  or  Spring,  as  in  a  Clock,  were  ap- 
plied to  the  Axis  of  the  Movement,  fo  as  to  make  it  move  round  once  in  juft  twenty-four 
Hours,  the  reprefentative  Planets  in  the  Inftrument,  mix,.  Mercury,  Venus,  the  Earth,  and 
the  Mocn,  would  all  perform  their  Motions  round  the  Sun,  and  one  another,  exa&Iy  in  the 
fame  Order  as  their  Originals  do  in  the  Heavens  ;  and  fo  the  Afpe&s,  Eclipfes,  &c.  of  the 
Sun  and  Planets,  would  thereby  be  fhewn  for  ever.  But  becaufe  this  would  be  inftructive 
only  in  that  flow  and  tedious  way,  to  fuch  as  could  have  daily  recourfe  to  it,  therefore  there 
is  a  Handle  fitted  to  it,  by  which  the  Axis  may  be  fwiftly  turned  round  ,•  and  fo  all  the 
Appearances  fhewn  in  a  very  little  time  :  for  by  turning  the  Handle  backwards  or  for- 
wards, what  Eclipfes,  Tranfits,  &c.  have  happened  in  any  time  paft,  or  what  will  hap- 
pen for  any  time  to  come,  will  be  fhewn,  without  doing  any  injury  to  the  Inftru- 
ment. 

One  entire  Turn  of  the  Handle  of  this  Inftrument,  anfwers  to  the  diurnal  Motion  of 
the  Earth  about  its  Axis,  and  is  meafured  by  means  of  an  Hour-Index,  placed  at  the  Foot 
of  the  Wire  whereon  the  Earth  is  fixed,  moving  once  round  in  the  fame  time.  Alfo  ob- 
ferve  that  the  Contrivance  of  this  Inftrument  is  fuch,  that  the  Motion  may  be  made  to  tend 
either  way,  forwards  or  backwards  ;  and  fo  the  Handle  may  be  turned  about  till  the  Earth 
be  brought  to  any  Degree  or  Point  of  the  Ecliptick  required. 

Again,  As  the  Earth  moves  round,  by  turning  the  Handle,  the  Moon's  Orbit  rifes  and 
falls  about  5  Degrees  above  and  below  the  great  Ecliptick,  that  fo  her  North  or  South  La- 
titude may  be  exactly  reprefented  ;  and  there  are  two  little  Studs  placed  in  two  oppofite 
Points  of  the  Moon's  Orbit,  reprefenting  the  Moon's  Nodes. 

Now  if  the  Handle,  one  Turn  of  which  anfwers  to  one  Natural  Dav,  or  twenty-four 
Hours,  be  turned  twenty-five  times  about,  then  the  Sun  will  have  moved  once  round  a- 
bout  its  Axis.  Again,  365  -^  of  the  Turns  of  the  Handle  will  carry  the  Earth  quite  round 
the  Sun ;  88  will  carry  Mercury  quite  round  ;  244  will  make  Venus  move  once  round  the 
Sun  ;  and  about  27  7  Turns  will  carry  the  Moon  round  the  Earth  in  her  Orbit,  which  will 
likewife  at  the  fame  time  always  turn  the  fame  Hemifphere  towards  the  Earth. 

And  by  thus  revolving  the  Earth  and  Planets  round  the  Sun,  the  Inftrument  may  be 
brought  to  exhibit  Mercury,  and  fometimes  Venus,  as  directly  interpofed  between  the  Earth 
and  the  Sun;  and  then  they  will  appear  as  Spots  in  the  Sun's  Disk:  and  this  Inftrument 
fhews  alfo  very  clearly  the  Difference  between  the  Geocentrick  and  Heliocentrick  Afpe&s, 
according  as  the  Eye  is  placed  in  the  Center  of  the  Earth  or  Sun. 

This  Inftrument  likewife  very  plainly  fhews  the  Difference  between  the  Moon's  Perio- 
dick  and  Synodick  Months,  and  the  reafon  thereof ;  for  if  the  Earth  be  fet  to  the  firft 
Point  of  Aries,  at  which  time  fuppofe  the  firft  New  Moon  happens,  and  afterwards  the 
Handle  be  turned  27  -\  times  about,  we  fhall  have  the  fecond  New  Moon;  and  if  at  the 
Earth's  place  in  the  Ecliptick  where  this  laft  New  Moon  happens,  fome  Mark  be  made, 
and  then  the  Handle  be  turned  27-4  times  more,  the  Moon  will  be  exa&ly  brought  again 
to  interpofe  between  the  Earth  and  the  Sun,  that  is,  it  will  be  New  Moon  with  us  :  but 
the  Line  of  the  Syzygy  will  not  be  right  againft  the  aforefaid  Mark  in  the  Ecliptick,  but 
behind  it;  and  it  will  require  two  Days  time,  or  two  Turns  more  of  the  Handle,  before  it 
gets  thither.  The  reafon  of  this  is  plain,  becaufe  in  this  27  4  Days,  the  Earth  advances 
fo  far  forwards  in  her  annual  Courfe,  as  is  the  Quantity  of  the  Difference  in  time  between 


the  Moon's  two  Months. 


If 
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If  the  Handle  be  turned  about  till  the  Conjunction  or  Oppofition  of  the  Sun  and  Moon 
happens  in  or  near  the  Nodes,  then  there  will  be  an  Eclipfe  of  the  Sun  or  Moon.  But  in 
order  yet  further  to  fhew  the  Solar  Eclipfes,  and  alfo  the  feveral  Seafons  of  the  Year 
the  Increafe  and  Decreafe  of  Day  and  Night,  and  the  different  Lengths  of  each  in  different 
parts  of  our  Earth,  there  is  a  little  Lamp  contrived  to  put  on  upon  the  Body  of  the  Sun 
•which  calling,  by  means  of  a  Convex  Glafs,  (the  Room  wherein  the  Inftrument  is,  being  a 
little  darkened)  a  ftrong  Light  upon  the  Earth,  will  fhew  at  once  all  thefe  things:  Firft,  how 
one  half  of  our  Globe  is  always  illuminated  by  the  Sun,  while  the  other  Hemifphere '  is  in 
the  dark,  and  confequently  how  Day  and  Night  are  formed  by  the  Revolution  of  the  Earth 
round  her  Axis.  Alfo  by  turning  round  the  Handle,  you  will  fee  how  the  Shadow  of  the 
Moon's  Body  will  cover  fome  part  of  the  Earth,  and  thereby  fhew,  that  to  the  Inhabitants  of 
that  part  of  the  Earth  there  will  be  a  Solar  Eclipfe. 

When  the  Earth  is  brought  to  the  firft  Degree  of  Aries  or  Libra,  the  reafon  of  the  Equa- 
lity of  Days  and  Nights  all  over  the  Earth,  will  be  plainly  fhewn  by  this  Inftrument ;  for 
in  thefe  Pofitions,  as  the  Earth  turns  about  her  Axis,  juft  one  half  of  the  Equator,  and  all 
Parallels  thereto,  will  be  in  the  Light,  and  the  other  half  in  the  Dark  j  and  therefore  the 
Days  and  Nights  muft  be  every  where  equal  :  for  the  Horizon  of  the  Earth's  Disk  will  be 
parallel  to  the  Plane  of  the  Solftitial  Colure. 

And  when  the  Earth  is  brought  to  Cancer,  the  Horizon  of  the  Disk,  or  that  Plane  which 
divides  the  Earth's  enlightened  Hemifphere  from  the  darkened  one,  will  not  then  be  parallel 
to,  but  lie  at  Right  Angles  to  the  Plane  of  the  Solftitial  Colure.  The  Earth  being  now  in 
Cancer,  the  Sun  will  appear  to  be  in  Capricorn,  and  confequently  it  will  be  our  Winter  Solftice. 
And  as  the  Earth  is  turned  either  way  about  its  Axis,  the  entire  Northern  frigid  Zone,  or 
all  Parts  of  the  Earth  lying  within  the  Artick  Circle,  are  in  the  dark  Hemifphere  ;  and  by 
making  a  Mark  in  any  given  Parallel,  by  the  Earth's  Diurnal  Revolution,  you  will  know  how 
much  longer  the  Nights  are  than  the  Days  in  that  Parallel.  And  the  contrary  of  this  Will 
happen,  v/hen  the  Earth  is  brought  to  Capricorn. 

Therefore  this  Inftrument  delightfully  and  demonftratively  fhews,  how  thereby  all  the 
Phenomena  of  the  different  Seafons  of  the  Year,  and  the  Varieties  and  Viciffitudes  of  Night 
and  Day,  are  folved  and  accounted  for. 


CHAP.    IV. 

Of  an  Agronomical  Quadrant,    Micrometer,  and  GunterV 

Quadrant. 

S  E  C  T  I  O  N    I. 

THIS  Figure  reprefents  an  Aflronomical  Quadrant   upon  its  Pedeftal,  with   its  Limb  F«g« 
curioufly  divided  Diagonally,  and  furnifhed  with  a  fixed  and  moveable  Telefcope. 

This  Quadrant  may  be  moved  round  Horizontally,  by  turning  a»  perpetual  Screw  fitted 
into  the  Pedeftal  :  For  as  this  Screw  is  turned  about  by  means  of  a  Key,  at  the  fame  time 
it  caufes  the  Axis  A  to  turn,  by  the  falling  in  of  its  Threads  between  the  Teeth  of  a  ftrong 
thick  Circle  on  the  faid  Axis. 

Behind  the  Quadrant  is  fixed,  at  Right  Angles  to  its  Plane,  a  ftrong  thick  Portion  of  a 
Circle  greater  than  a  Semi-circle,  having  one  Semi-circle  of  the  outfide  thereof  cut  into 
Teeth.  There  is  likewife  another  ftrong  thick  Portion  of  a  Circle  fomething  greater  than 
a  Semi-circle  behind  the  Quadrant,  which  is  moveable  upon  two  fixed  Studs,  at  Right 
Angles' to  the  former  Portion  ;  fo  that  the  Plane  of  this  Portion  may  be  parallel,  inclined, 
or  at  Right  Angles  to  the  Plane  of  the  Quadrant.  On  the  fide  of  this  Portion,  which  is 
made  flat  next  to  the  other  fixed  Portion,  is  a  contrivance  with  a  Screw  and  perpetual 
Screw,  fuch  that  in  turning  the  Screw  the  Threads  of  the  perpetual  Screw  may  be  locked 
in  between  the  Teeth  of  the  fixed  circular  Portion  ;  and  by  this  means  the  Qiadrant  fixed 
to  any  Point,  according  to  the  direction  of  the  Plane  of  the  fixed  Portion.  And  when  the 
Quadrant  is  to  be  moved  but  a  fmall  matter  in  the  aforefaid  Direction,  this  may  be  done  by 
turning  the  perpetual  Screw  with  a  Key. 

The  Outfide  of  the  abovementioned  moveable  circular  Portion  is  cut  into  Teeth,  and 
about  the  Center  thereof  the  Axis  A  is  moveable,  according  to  the  Direction  of  the  Plane 
of  the  faid  Portion.  In  this  Axis  flides  a  little  Piece  carrying  a  perpetual  Screw,  whofe 
Threads,  by  means  of  a  Trigger,  may  be  locked  in  between  the  Teeth  of  the  moveable 
circular  Portion.  And  fo  when  the  Axis  is  fet  in  the  Pedeftal,  the  Quadrant  may  be  fixed 
to  any  Point,  according  to  the  Direction  of  the  Plane  of  the  faid  moveable  Portion. 

Therefore 
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Therefore  by  theft  Contrivances  the  Quadrant  may  be  readily  fixed  to  any  required  Situ' 
ation,  for  obferving  Ccleftial  Phenomena,  without  moving  the  Pedeftal 

There  is  a  Piece  Hiding  on  the  Index,  upon  which  the  moveable  Telefcone  is   faftft,^ 
carrying  a  Screw  and  perpetual  Screw  ;  fo  that  when  the  Telefcope  and  Index  are  to  be 
fixed  upon  any  Point  in   the  Limb  of  the  Inftrument,  this  may  be  done    bv  mMn«  ^  1 
Screw  which  locks  the  Threads  of  the  perpetual  Screw  in  between  Le^7l    Teh 
cut  round  the  Curve  Surface  of  the  Limb  of  the  Inftrument :  and  when  the  Index  and  TV» 
lefcope  is  to  be  moved  a  very  minute  Space  backwards  or  forwards  along  the  Limb    rhfc 
is  done  by  means  of  a  Key  turning  a  fmall  Wheel  fattened  upon  the  aforenamed  Piece  wh£h 
is  cut  into  a  certain  Number  of  Teeth,  and  whofe  Axis  is  at  Right  Angles  to  the Plan',  n lu 
Quadrant ;  for  this  Wheel  moves  another  (having  the  fame  Number of  Tecrfi  a £*  *h  £ 
is  at  the  end  of  the  Cylinder  whereon  the  perpetual  Screw  is  •  and  bv  rhk  mMnt  *£- 
tual  Screw  is  turned  about ;  and  fo  the  Index  and  Telefcop e  rna be  moJe Ta   vet  Z^ 
Space  backwards  or  forwards  along  the  Limb.     No,,  Tile  Number  of  Teeth  S    cZt 
Surface  of  the  Limb  is  divided  into,    muft  be  as  great  as  poffible,  and  the  Threads  of  rl! 
perpetual  Screw  falling  between  them  very  fine  ;  for  the  Exadnefs  of  the  Inftrument   v«v 
much  depends  upon  this.  Cllt  verv 

Thefe  Quadrants  are  commonly  two  Feet  Radius,  and  all  Brafs,  except  the  Pedeftal  and 
the  perpetual  Screws;  the  Telefcopes  have  each  two  Glafles  and  Crofs-hairs  in  Zf! 
and  for  the  Manner  of  dividing  their  Limbs,  &c.  See  our  Author's  Quadrants.  ' 

SECTION    II. 

Concerning    a  Micrometer. 

Fig.  3.  This  Micrometer  is  made  of  Brafs :  A  B  C  g  is  a  rectangular  Brafs  Frame    the  Side  A  R 

being  about  3  Inches  long  and  the  Side  B  C,  as  like  wife  the  oppofite  Side  A  g  are  abo £ 
6  Inches ;  and  each  of  thefe  three  Sides  are  A  of  an  Inch  deep .%*  two  oppose  Sides 
of  this  Frame  are  fere  wed  to  the  circular  Plate,  which  we  fhall  fpeak  of  by  and  by. 

The  Screw  P  having  exafily  40  Threads  in  an  Inch,  being  turned  round,  moves  the  Plate 
G  D  E  F,  along  two  Grooves  made  near  the  Tops  of  the  two  oppofite  Sides  of  the  Frame 
and  the  Screw  Q  having  the  fame  Number  of  Threads  in  an  Inch  as  P,  moves  the  pTate 
RNMY  along   two  Grooves  made  near  the  bottom   of  the  faid  Frame    in  the  fW  a 
redion  as  the  former  Plate  moves,  but  with  half  the   velocity  as  that  moves  with      Thefe 
Screws  are  both  at  once  turned,  and  fo  the  faid  Plates  moved  along  the  fame  way    by  means 
of  a  Handle  turning  the  perpetual  Screw  S,  whofe  Threads  fall   in    between  the  K! 
Pinions  on  the  Screws  P  and  Q,    Note,  Two  and  a  half  Revolutions  of  the  perpetuafscrew 
S,  moves  the  Screw  P  exaftly  once  round.  perpetual  screw 

The  Screw  P  turns  the  Hand  a,  faftened  thereto  over  100  eoual  Divine  m«A-  «       j 
the  Limb  of  a  circular  Plate,  to  which  the  abovenamed Two    p  Sides  o    the  Fr,^ 

fcrewed  at  Right  Angles.     The  Teeth  of  the  Pinion  on  tl^Tr  w  P    whl  NuX  It 
5,  takes  into  the  Teeth  of  a  Wheel,  on  the  backnde  of  the  circular  Plare    wh„<?  XT      u 
are  25      Again,  On  the  Axis  of  this  Wheel  is  a  Pinion  o ?  twTwWch  takes Into^T.X 
of  another  Wheel  moving  about  the  Center  of  the  circula Plal    without   filtf 
having  50  Teeth.     This  laft  Wheel  moves  the  lefler  Hand   I  once  Jund   rhe  fL  "? 

rir-rniar  PlntP    in   tU*     '     „„-..     c  -u  i     tV     ,dIlu   °  once  round  the  ahovenamed 

circular  Hate,  m  the  t^  part  of  the  time  the  Hand  a  is  moving  round  :  for  becaufe  the 
Number  of  Teeth  of  the  Pinion  on  the  Screw  P,  are  5,  and  the  Number  of  Teeth  of  he 
Wheel  this  Pinion  moves  round,  are  20;  therefore  the  Screw  P  moves  four  times  round  in 
the  fame  time  the  faid  Wheel  is  moving  once  round.  Again  SinrP  rh^  ,c  o  vrZ-  c 
takes  mto the  Teeth  of  .  Whee,,  whlfe  Number  ar^o  \h"  his  Wh  Tw°  h'To" 
Teeth  wdl  move  once  round  in  the  fame  time  that  the  Wheel  of  ac Teeth  hL  *™„!  A 
twenty-five  times  round;  and  confidently  the  Screw  P  orifcnJ [a  muft  I  \  j  "*} 
thucs round  in  the  fame  time  as  the  Whee/of  5o  Teeth^r  ^^Halttth  m^ved  ote 

It  follows  from  what  hath  been  faid,  that  if  the  circular  Plate  W    which  ,c  faam  a 
Right  Angles  to  the  other  circular  Plate,  be  divided  into ^2 00  equal  Par  s    the  Tn7       " 
which  the  Handle  is  faftened    will  move  five  of  thefe  Parts  ^h7^Zl\tl ^Ta 
has  moved  one  of  the  hundred  Div.fions  round  the  Limb  of  the  other  circular  IW     .    ?r 

assii^sto--  p,ate  w'  e-y  fifth  p-  °c  ^si^t 

times  round   the  four  thoufandth  part  of  an  Inch,  when  the  faid  Hand  hath  moved  over  one 
of  the  Divifions  round  the  Limb,  and   the  twenty  thoufandth  part  of  an  Inch    when  the 
Index  x  hath  moved  one  part  of  the  200  round  the  Limb  of  the  circuit  Pio 7w        a     ? 
under  Plate  RNMY,  half  an  Inch,  the  two  thoufandth  nan  n J    i     t        a  ^  the 
thoufandth  part  of  an  inch  the  fame' way,  in  f£Sd^^^  **   "*  "*  *« 

Hence, 
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Hence,  if  the  under  Plate,  having  a  large  round  Hole  therein,  be  fixed  to  a  Telefcope, 
fo  that  the  Frame  may  be  moveable  together  with  the  whole  Inftrument,  except  the  laid 
lower  Plate,  and  the  ftrait  fmooth  Edge  H  I,  of  the  fixed  narrow  Place  ABIH,  as  likewife 
the  ftrait  fmooth  Edge  DE  of  the  moveable  Plate  G  D  E  F,be  perceivable  thro  the  round  Hole 
in  the  under  Plate,  in  the  Focus  of  the  ObjecVGlafs  ;  then  when  the  Handle  of  the  Micro- 
meter is  turned,  the  Edge  H  I  of  the  narrow  Plate  ABIH,  fixed  to  the  Frame,  and  D  E 
of  the  moveable  Plate,  will  appear  thro  the  Telefcope  equally  to  acceed  to,  or  recede  from 
each  other.  And  fo  thefe  Edges  will  ferve  to  take  the  apparent  Diameters  of  the  Sun,  Moon, 
&c  the  manner  of  doing  which  is  thus :  Suppofe  in  looking  at  the  Moon  thro  the  Tele- 
fcope, you  have  turned  the  Handle  till  the  two  Edges  D  E  and  H  I  are  opened,  fo  as  to  * 
juft  touch  or  clafp  the  Moon's  Edges ;  and  that  there  was  twenty-one  Revolutions  of  the 
Hand  a  to  compleat  that  Opening.  Firft  fay,  As  the  focal  Length  of  the  Qbject-Glafs, 
which  fuppofe  10  Feet,  is  to  Radius,  fo  is  i  Inch  to  the  Tangent  of  an  Angle  fubtended  by 
1  Inch  in  the  Focus  of  the  Objed-Glafs,  which  will  be  found  28  min.  30  fee.  Again,  Be- 
caufe  there  are  exactly  40  Threads  of  the  Screws  in  one  Inch,  fay,  If  forty  Revolutions  of 
the  Hand  a  give  an  Angle  of  28  min.  38  fee.  what  Angle  will  twenty-one  Revolutions  give  ? 
The  Anfwer  will  be  15  min.  8  fee.  and  fuch  was  the  Moon's  apparent  Diameter,  and  fo  may 
the  apparent  Diameters  of  any  diflant  Objects  be  taken. 

It  is  to  be  obferved,  that  the  Divifions  upon  the  top  of  the  Plate  G  D  E  F,  are  Diagonal 
Divifions  of  the  Revolutions  of  the  Screws,  with  Diagonal  Divifions  of  Inches  againft  them ; 
and  fo  as  the  faid  Plate  Aides  along,  thefe  Diagonals  are  cut  by  Divifions  made  on  the  Edge 
of  the  narrow  Plate  K  L,  fixed  to  the  oppofite  Sides  of  the  Frame  by  means  of  two  Screws. 
Thefe  Diagonal  Divifions  may  ferve  to  count  the  Revolutions  of  the  Screws,  and  to  fhew 
how  many  there  are  in  an  Inch,  or  the  Parts  of  an  Inch. 

SECTION    III. 

Of  the  Conftrii'tliQii  of  Gunter'j-  Quadrant. 

This  Quadrant,  which   is   partly   a  Projection,  that  is,  the  Equator,  Tropicks,  Eclip-  Fig-  4- 
tick,  and  Horizon,  are  Stereographically  projected  upon  the  Plane  of  the  Equinoctial,  the  Eye 
being  fuppofed  to  be  placed  in  one  of  the  Poles,  may  be  thus  made. 

About  the  Center  A  defcribe  the  Arc  C  D,  which  may  reprefent  either  of  the  Tropicks. 
Again,  Divide  the  Semidiameter  A  T  fo  in  E,  that  AE  being  Radius,  AT  may  be  the 
Tangent  of  56  deg.  46  min.  half  the  Sun's  greateft  Declination  above  ihe  Radius  or  Tan- 
gent of  45  deg.  To  do  which,  fay,  As  the  Tangent  of  55  deg.  46  min.  is  to  1000 ;  fo  is 
Radius  to  655  :  therefore  if  A  T  be  made  1000  equal  Pares,  A  E,  the  Radius  of  the 
Equator,  will  be  655  of  thofe  Parts.  And  if  about  the  Center  A,  with  the  Diftance  A  E, 
the  Quadrant  E  F  be  defcribed,  this  will  ferve  for  the  Equinoctial. 

Now  to  find  the  Center  of  the  Ecliptick,  which  will  be  fomewhere  in  the  left  Side  of 
the  Quadrant  A  D  (reprefenting  the  Meridian)  you  muft  divide  AD  fo  in  G,  that  if 
A  F  be  the  Radius,  A  G  may  be  the  Tangent  of  23  deg.  30  min.  the  Sun's  greater!  De- 
clination ;  therefore  if  A  F  be  1000,  A  G  will  be  434.  And  if  about  the  Center  G,  with 
the  Semidiameter  G  D,  an  Arc  E  D  be  defcribed,  this  will  be  -$■  of  tne  Ecliptick.  And  to 
divide  it  into  Signs  and  Degrees,  you  muft  ufe  this  Canon,  viz,.  As  Radius  is  to  the  Tan- 
gent of  any  Degree's  diftance  from  the  neareft  Equinoctial  Point,  fo  is  theCofine  of  the 
Sun's  greateft  Declination  to  the  Tangent  of  that  Degree's  Right  Afcenfion,  which  muft  be 
counted  on  the  Limb  from  the  Point  B,  by  which  means  the  Quadrant  of  the  Ecliptick 
may  be  graduated. 

As,  for  Example,  The  Right  Afcenfion  of  the  firft  Point  of  y  being  27  deg.  54  min.  lay 
a  Ruler  to  the  Center  A,  and  27  deg.  54  min.  on  the  Limb,  from  B  towards  C,  and  where 
it  cuts  the  Ecliptick,  will  be  the  firft  Point  of  ti  ;  and  fo  for  any  other. 

The  Line  E  T,  between  the  Equator  and  the  Tropick,  which  is  called  the  Line  of  De- 
clination, may  be  divided  into  23  deg.  30  min.  in  laying  off  from  the  Center  A,  the  Tan- 
gent of  each  Degree  added  to  45  deg.  the  Line  A  E  being  fuppofed  the  Radius  of  the 
Equinoctial.  As  fuppofe  the  Point  for  10  Degrees  of  Declination  be  to  be  found,  add 
5  deg.  (half  10)  to  45  deg.  and  the  Sum  will  be  50  deg.  the  Tangent  of  which  will  be 
(fuppofing  the  Radius  1000)  1102  :  therefore  laying  1192  Parts  from  A,  or  192  from  E, 
and  you  will  have  a  Point  for  10  Degrees  of  Declination  ;  and  fo  for  others. 

Mod  of  the  principal 'Stars  between  the  Equator  and  Tropick  of  Cancer,  may  be  put 
on  the  Quadrant  by  means  of  their  Declination,  and  Right  Afcenfion.  As  fuppofe  the 
Wing  of  Pegafus  be  13  deg.  7  min.  and  the  Right  Afcenfion  358  deg.  34  min  from  the  firft 
Point  of  Arm.  Now  if  about  the  Center  A,  you  draw  an  occult  Parallel  thro  13  deg. 
7  min.  of  Declination,  and  then  lay  a  Ruler  from  the  Center  A  thro  1  deg.  26  min.  (the 
Complement  of  358  deg.  34  min.  to  350  deg.)  in  the  Limb  B  C,  the  Point  where  the  Ruler 
cuts  the  Parallel,  will  be  the  Place  for  the  Wing  of  Pegafus,  to  which  you  may  fet  the  Name, 
and  the  Time  when  he  comes  to  the  South. 

D  d  d  There 
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There  being  Space  diffident  between  the  Equator  and  the  Center,  you  may  there  de- 
scribe the  Quadrat,  and  divide  each  of  the  two  Sides  furtheft  from  the  Center  into  ioo 
Parts  ;  fo  fhall  the  Quadrant  be  generally  prepared  for  any  Latitude.  But  before  the 
particular  Lines  can  be  drawn,  you  muft  have  four  Tables  fitted  for  the  Latitude  the  Qua- 
drant is  to  ferve  in. 

Firft,  A  Table  of  Meridian  Altitudes  for  the  Divifion  of  the  Circles  of  Days  and 
Months,  which  may  be  thus  made  :  Confider  the  Latitude  of  the  Place,  and  the  Sun's 
Declination  for  each  Day  of  the  Year  ;  if  the  Latitude  and  Declination  be  both  North  or 
both  South,  add  the  Declination  to  the  Complement  of  the  Latitude  ;  if  they  be  one  North 
and  the  other  South,  fubftracfc  the  Declination  from  the  Complement  of  the  Latitude  and 
you  will  have  the  Meridian  Altitude  for  that  Day.  As,  in  the  Latitude  of  51  deg.  32*1™. 
North,  whofe  Complement  is  3  8  deg.  28  min.  the  Declination  on  the  10th  of  June  will  be 
23  deg.  30  min.  North  ;  therefore  add  23  deg.  30  min.  to  38  deg.  28  min.  and  the  Sum  will 
be  <5i  deg.  58  min.  the  Meridian  Altitude  on  the  lotb  of  June.  Again,  The  Declination 
on  the  10?/;  of  December  will  be  23  deg.  30  min.  South;  wherefore  take  23  deg.  30  min.  from 
38  deg.  28  min.  and  the  Remainder  will  be  14  deg.  58  min.  the  Meridian  Altitude  on  the 
10?/;  of  December.  And  in  this  manner  may  the  Meridian  Altitude  for  each  Day  in  the  Year 
be  found,  and  put  in  a  Table. 

Your  Table  being  made,  you  may  inferibe  the  Months  and  Days  of  each  Month  on 
the  Quadrant,  in  the  Space  left  below  the  Tropick.  As,  Laying  a  Ruler  upon  the  Center 
A,  and  16  deg.  42  min.  the  Sun's  Meridian  Altitude  on  the  ifl  of  January,  in  the  Limb 
B  C,  you  may  draw  a  Line  for  the  end  of  December  and  beginning  of  January.  Again  Lay- 
ing a  Ruler  to  the  Center  A,  and  24  deg.  34  min.  the  Sun's  Altitude  at  Noon  the  end  of 
January,  or  firft  of  February,  on  the  Limb,  and  you  may  draw  a  Line  for  that  Day.  And 
fo  of  others. 

Now  to  draw  the  Horizon,  you  muft  find  its  Center,  which  will  be  in  the  Meridian 
Line  A  C  ;  and  if  the  Point  H  be  taken  fuch,  that  if  A  H  be  the  Tangent  Complement  of 
the  Latitude,  viz,,  of  38  deg.  28  min.  A  F  being fuppofed  Radius;  or  if  A  F  be  fuppofed 
1000,  and  A  H  776  of  thofe  Parts,  then  will  H  be  the  Center  of  the  Horizon.  Therefore 
if  about  the  Center  H,  with  the  Diftance  H  E,  an  Arc  be  defcribed  cutting  the  Tropick 
T  D,  the  faid  Arc  will  reprefent  the  Horizon. 

The  next  thing  done,  muft  be  to  make  a  Table  for  the  Divifion  of  the  Horizon  which 
may  be  done  by  this  Canon,  viz,.  As  Radius  is  to  the  Sine  of  the  Latitude,  fo  is  the  Tan- 
gent of  any  Number  of  Degrees  in  the  Horizon  (which  will  be  not  more  than 
40  in  our  Latitude)  to  the  Tangent  of  the  Arc  in  the  Limb  which  will  divide  the 
Horizon. 

As  in  our  Latitude,  7  deg.  52  min.  belong  to  10  deg.  of  the  Degrees  of  the  Horizon ;  there- 
fore laying  a  Ruler  to  the  Center  A,  and  7  deg.  52  min.  in  the  Limb  B  C,  the  Point  where 
the  Ruler  cuts  the  Horizon,  will  be  10  deg.  in  the  Horizon  ;  and  fo  of  the  reft.  But  the 
Lines  of  Diftinction  between  every  $tb  Degree  are  beft  drawn  from  the  Center  H. 

The  third  Table  for  drawing  the  Hour-Lines,  muft  be  a  Table  of  the   Sun's  Altitude 
above  the  Horizon  at  every  Hour,  efpecially  when  he  comes  to  the  Equator,  Tropicks    and 
other  intermediate  Declinations.     If  the  Sun  be  in  the  Equator,  and  fo  have  no  Declination 
as  Radius  to  the  Co-line  of  the  Latitude,  fo  is  the  Co-fine  of  any  Hour  from  the  Meridian  to 
the  Sine  of  the  Sun's  Altitude  at  that  Hour. 

But  if  the  Sun  be  not  in  the  Equator,  you  muft  fay,  As  the  Co-fine  of  the  Hour  from  ths 
Meridian  is  to  Radius,  fo  is  the  Tangent  of  the  Latitude  to  the  Tangent  of  a  4th  Arc. 
Then  confider  the  Sun's  Declination,  and  the  Hour  propofed  ;  if  the  Latitude  and  Decli- 
nation be  both  alike,  and  the  Hour  fall  between  Noon  and  Six,  fubftrad  the  Declination 
from  the  aforefaid  4th  Arc,  and  the  Remainder  will  be  a  jtb  Arc. 

But  if  the  Hour  be  either  between  Six  and  Midnight,  or  the  Latitude  and  Declination 
unlike,  add  the  Declination  to  the  4th  Arc,  and  the  Sum  will  be  a  $tb  Arc.  Then  as  the 
Sine  of  the  fourth  Arc  is  to  the  Sine  of  the  Latitude,  fo  is  the  Co-fine  of  the  ph  Arc  to  the 
Sine  of  the  Altitude  fought 

Laftly,  You  may  find  the  Sun's  Declination  when  he  rifes  or  fets,  at  any  Hour,  by  this 
Canon,  viz,.  As  Radius  is  to  the  Sine  of  the  Hour  from  Six,  fo  is  the  Co-tangent  of  the  La- 
titude to  the  Tangent  of  the  Declination. 

As  in  our  Latitude  you  will  find,  that  when  the  Sun  rifes  at  five  in  the  Summer  or 
feven  in  the  Winter,  his  Declination  is  11  deg.  36  min.  whence  you  will  find  the  Sun's  Me- 
ridian Altitude  in  the  beginning  of  ©  will  be  61  deg.  58  min.  in  n  58  de<*.  40  min.  in 
tt  40  deg.  58  min.  in  T  38  deg.  30  min.  &c.  but  the  beginning  of  «  and  w»  fs  reprefented 
by  the  Tropick  T  D,  drawn  thro  23  deg.  30  min.  of  Declination,  and  the  beginning  of 
T  and  sa  by  the  Equator  E  F.  Now  if  you  draw  an  occult  Parallel  between  the  Equator 
and  the  Tropick,  at  11  deg.  30  min.  of  Declination,  it  fhall  reprefent  the  beginning  of  t>,  «#, 
tfl,  and  K.  If  you  draw  another  occult  Parallel  thro  20  deg.  12  min.  of  Declination  ic 
will  reprefent  the  beginning  of   B,  ft,  i  and  ~. 

Tnen  Jay  a  Ruler  from  the  Center  A  thro  61  deg.  58  min.  of  Altitude  in  the  Limb  B  C 
and  note  the  Point  where  it  croifes  the  Tropick  of  ©.    Then  move  the  Ruler  1058  deg*. 

40  min. 


e 
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40  min.  and  note  where  it  crofles  the  Parallel  of  n  ;  then  to  49  deg.  5:8  min.  and  note  where 
it  crofles  the  Parallel  of  b!  '>  and  again  to  38  deg.  28  min.  noting  where  it  erodes  the 
Equator  ;  and  a  Line  drawn  thro  thefe  Points  will  reprefent  the  Line  of  12  in  the  Summer, 
while  the  Sun  is  in  T,  ti,  n,  <s,  si,  or  W.  In  like  manner,  if  you  lay  a  Ruler  to  A  and 
16  deg.  58  min.  in  the  Limb,  and  note  the  Point  where  it  crofles  the  Parallel  of  x  J  then 
move  it  to  18  deg.  16  min.  and  note  where  it  crofles  the  Parallel  of  ~.  And  again,  to 
14  deg.  58  min.  noting  where  it  crofles  the  Tropick  of  yp  ;  the  Line  drawn  thro  thefe  Points 
fhall  fhew  the  Hour  of  twelve  in  the  Winter.  And  in  this  manner  may  the  reft  of  the 
Hour-Lines  be  drawn,  only  that  of  feven  from  the  Meridian  in  Summer,  and  five  in  the 
Winter,  will  crofs  the  Line  of  Declination,  at  1 1  deg.  3  5  min.  and  that  of  eight  in  the 
Summer,  and  four  in  the  Winter,  at  21  deg.  38  min. 

The  fourth  Table  for  drawing  of  the  Azimuth  Lines  muft  alfo  be  made  for  the  Al- 
titude of  the  Sun  above  the  Horizon,  at  every  Azimuth,  efpecially  when  the  Sun  comes  to 
the  Equator,  Tropicks,  and  fome  other  intermediate  Declinations. 

If  the  Sun  be  in  the  Equator,  and  fo  has  no  Declination,  as  Radius  to  the  Co-fine  of  the 
Azimuth  from  the  Meridian  ;  fo  is  the  Tangent  of  the  Latitude  to  the  Tangent  of  the  Sun's 
Altitude  at  that  Azimuth  in  the  Equator. 

If  the  Sun  be  not  in  the  Equator,  as  the  Sine  of  the  Latitude  is  to  the  Sine  of  the  De- 
clination, fo  is  the  Co-fine  of  the  Sun's  Altitude  at  the  Equator,  at  a  given  Azimuth,  to 
the  Sine  of  a  4th  Arc. 

Now  wnen  the  Latitude  and  Declination  are  both  alike  in  all  Azimuths,  from  the  Prime 
Vertical  to  the  Meridian,  add  this  4th  Arc  to  the  Arc  of  Altitude  at  the  Equator.  But 
when  the  Azimuth  is  above  90  Degrees  diftant  from  the  Meridian,  take  the  Altitude  at  the 
Equator  from  this  4th  Arc.  When  the  Latitude  and  Declination  are  unlike,  take  the  faid 
4th  Arc  from  the  Arc  of  Altitude  at  the  Equator,  and  then  you  will  have  the  Sun's  Altitude 
for  a  propofed  Azimuth. 

Laftly,  When  the  Sun  rifes  or  fets  upon  any  Azimuth,  to  find  his  Declination,  fay,  As 
Radius  to  the  Co-fine  of  the  Latitude,  fo  is  the  Co-fine  of  the  Azimuth  from  the  Meridian, 
to  the  Sine  of  the  Declination. 

Now  a  Table  being  made  according  to  the  aforefaid  Directions,  if  you  wrould  draw  the 
Line  of  Eaft  or  Weft,  which  is  90  Degrees  from  the  Meridian,  lay  a  Ruler  to  the  Center 
A  and  30  deg.  38  min.  numbered  in  the  Limb  from  C  towards  B,  and  note  the  Po]nt 
where  it  crofles  the  Tropick  of  «  ;  then  move  the  Ruler  to  26  deg.  10  min.  and  note  where 
it  crofles  the  Parallel  of  n  ;  then  to  14  deg.45  min.and  note  where  it  crofles  the  Parallel  of  y  ; 
then  to  o°  and  o°,  and  you  will  find  it  crofs  the  Equator  in  the  Point  F  ;  then  a  Line  drawn 
thro  thefe  Points  will  be  the  Eaft  and  Weft  Azimuth.  And  fo  may  all  the  other  Azimuths 
be  drawn. 

Thefe  Lines  being  thus  drawn,  if  you  fet  two  Sights  upon  the  Line  A  C,  and  at 
the  Center  A  hang  a  Thread  and  Plummet,  with  a  Bead  upon  the  Thread,  the  forefide  of 
the  Quadrant  will  be  finifhed. 

SECTION     IV. 

cTbe  TJfe  of  GunterV  Quadrant. 

U  S  E  I.  'the  Suns  Place  being  given,  to  find  his  Right  Afcenfion,  and  contrariwife. 

Let  the  Thread  be  laid  upon  the  Sun's  Place  in  the  Ecliptick,  and  the  Degrees  which  it 
cuts  in  the  Limb,  will  be  the  Right  Afcenfion  fought. 

For  example  ;  Suppofe  the  Sun's  Place  be  the  4th  Degree  of  n,  the  Thread  laid  on  this 
Degree  will  cut  62  deg.  in  the  Limb,  which  is  the  Right  Afcenfion  required.  But  if  the 
Sun's  Place  be  more  than  90  deg.  from  the  beginning  of  Aries,  the  Right  Afcenfion  will  be 
more  than  90  deg.  And  in  this  Cafe  the  Degrees  cut  by  the  Thread  muft  be  taken  from 
180,  to  have  the  Right  Afcenfion. 

Now  if  the  Sun's  Right  Afcenfion  be  given,  to  find  its  Place,  lay  the  Thread  on  the  Right 
Afcenfion,  and  it  wrill  crofs  the  Sun's  Place  in  the  Ecliptick. 

USE  II.  The  Sun  s  Place  being  given,  to  find  his  Declination,  and  contrariwife. 

Lay  the  Thread,  and  fet  the  Bead  to  the  Sun's  Place  in  the  Ecliptick;  then  move  the 
Thread  to  the  Line  of  Declination,  and  there  the  Bead  will  fall  upon  the  Degrees  of  the  Line 
of  Declination  fought. 

For  example;  Let  the  Sun's  Place  be  the  4th  Degree  of  n,  the  Bead  being  firft  fet  to 
this  Place,  move  the  Thread  to  the  Line  of  Declination,  and  there  you  will  find  the  Sun's 
Declination  21  deg.  from  the  Equator. 

Now  the  Sun's  Place  being  fought,  in  having  the  Declination  given,  you  muft  firft  lay 
the  Thread  and  Bead  to  the  Declination,  and  then  the  Bead  moved  to  the  Ecliptick  will 
give  the  Sun's  Place  fought. 

USE 
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USE  III.  The  Day  of  the   Month  being  given,  to  find  the  Sun' 's  Meridian  Altitude    and 

contrariiiife.  y 

Lay  the  Thread  to  the  Day  of  the  Month,  and  the  Degrees  which  it  cuts  in  the  Limb 
•Will  be  the  Sun  s  Meridian  Altitude.  Lim') 

Suppofe  the  Day  given  be  May  the  i5th,  the  Thread  laid  upon  this  Day  will  cut  to  de-> 
30  mm.  the  Meridian  Altitude  fought.  *  y  >?    e8" 

^  ^  thC  ThrCad  bC  feC  C°  the  Meridian  AItitude>  k  wil1  fal1  »P°n  the  Day  of  the 

As,  fuppofe   the  Sun's  Meridian  Altitude  be   50  dee.    ?o  mm    the  Thrp,  irf,       1  • 
Altitude  fells  upon  the  i,rt  Day  of  A%,  and  the  &  of^// ™nd  wm^o  Ihefe  two    ' 
the  true  Day    may  be  known  by  tiie  Quarter  of  the  Yearf  or  by  another  IW Obfcrvi 
tion  :  for  ,f  the  Sun's  A  etude  be  greater,  the  Thread  will   fall  upon  the  xd/Ao?  M,v    ,,!l 
the  8//,  of  July  ;  and  it  it  prove  lelfer,  then  the  Thread  will  fall  on  the   ilf/  nf*  M  x 

the  10th  of  >/y ;  whereby  the  Queftion  is  fully  anfwered.  4     °f  ^   a"d 

USE    IV  .The  Sun's  Altitude  being  given,  to  find  the  Hour  of  the  Day,  and  contrarhvife. 
Having  put  the  Bead  to  the  Sun's  Place  in  the  Ecliptick    obferve   rhP   S.m'c  a  i  •     j     , 
the  Quadrant ;  and  then  if  the  Thread  be  laid  over  the  fame   i th Lirnh    M      P^  ^ 
fall  upon  the  Hour  required      For  example  ;  Suppofe  on  the  x^o ^te  Inil" 
then  in  the  beginning  of  Taurus,  I   obferve  his  Altitude  bv  the  o3  'n  u      5      g 

place  the  Bead  to  the  beginning  of  Taurus  in  the  Echptick,  and  aft£ ardT U°th?4h  5 
over  36  Degrees  of  the  Limb ;  then  the  Bead  will  fall  upon  the  Hour-Line  of  /  and  7  and 
fo  the  Hour  is  9  m  the  Morning,  or  3  in  the  Afternoon.  Again  If  the  Alrirnl  u  3  ' 
Degrees,  the  Bead  will  fall  half  way  between  the  Hour-En  '  o  '.„*  al  d  ^J° 
Lme  of  10  and  2.  Wherefore  it  muft  be  either  half  an  Hour  pall  9  in  the  Momint  or 2 ~f 
an  Hour  paft  two  in  the  Afternoon  ;  and  which  of  thefe  is  the  rr»P  Til  ^10rn>ng,  or  half 
known  by  a  fecond  Obfervation  :  For  if  the  Sun  rife  h  gher  t  is  Mornin.  ".^  ^  be 
comes  lower,  it  is  Afternoon.  S     '  horning,  and  if  it  be- 

Now  to  find  the  Sun's  Altitude  by  having  the  Hour  oiven    vnn  mnft  u      1     D    j 
the  Hour  given  (having  firft  rectified*  or  put  it  to  the  Sun'  P lace)  and I'^n^  UP°c 
the  Limb  cut  by  the  Thread,   will  be  the  Sun's  Altitude  fought  Degr6eS  °f 

Note,  The  Bead  may  be  rectified  otherwife,  in    bringing  the  Thread   ro    .!,    n         c    , 
Month,  and  the  Bead  to  the  Hour-Line  of  12.  °   the  Day  of  the 

U  S  E  V.  To  find  the  Sun's  Amplitude  either  rifing  or  fining,  •when  the  Day  of  the  Month  or 

Sun  s  Place  is  given. 

Let  the  Bead  rectified  for  the  time    be  brnuahr  m  i-h*  u„~-  j     • 

the  Amplitude  fought.  If,  for  example the Day gi  v  n  ^Te"  ^0^  *,  ^  «*? 
then  be  in  the  ^Degree  of  Gemini  Now  if  the&ad  be  refed  and  botur"  *T  Z* 
rizon,  it  will  there  fall  on  35  deg.  8  min    and   this  is   rlt  i  a        •  bro^  to  the  Ho- 

theEaft,  and  of  his  fetting  fromthJ >  Weft.  Sun  s  Amplitude  of  rifing  from 

USE  VI.  The  Day    of  the   Month  or Su^Jlace  being  given,    to  find  the   Afienfional 

Redify  the  Bead  for  the  given  time,  and  afterwards  bring  it  to   the  Hori7on  •  -U        1 
Degrees  cut   by  the   Thread  in  the  Limb   will  be  the  afcenfion  al  V^n™  k^lte 
afcenfional   Difference  be  converted  into  time,  in  allowing  an  Hour  fo re'  TV  I 

four  Minutes  of  an  Hour  for  one  Degree,  then  we  (hall  have  tteSL  of  the  ^^TV* 
before  fix  in  the  Summer,  and  after  fix  in  the  Winrer  •  *nA  7  r  .      .     ?       Un  s   riCinS 

and  Night  may  be  known  by 'this means ;theVVinter-  and  C0^quently  the  Length  of  Day 

P  ^S,E  ¥LJP*^!J^^&im>  t0  find  hh  A*™*K  and  contrary 
Kectiry  the  Beau  for  the  time,  and  obferve  the  Sun's  Altitude      Th™    k.-         l    rU 
to  the  Complement  of  that  Altitude,  and  fo  the  Be  d   w      give  Zt imuTfo ^ThKaA 
or  among  the  Azimuth  Lines.  S       the  Azimuth  fought  upon 

And  to  find  the  Altitude  by  havincr  the  Azimnrh  cAvm    hmA„„      a.-c    »     1     « 
Time,  move  the  Thread  ti!li  he  Befd  fal  s  m  X -ira  Azimur^-    ,         f  'n  Bcad  t0  tbe 
Limb  cue  by  the  Thread,  will  be  the  Sun's™  He  at  that  time!  ""  ^SreeS  °'  the 

V  S  E  VIII.  TU  ***  of  any  ™^S^e  Quairan  hingghm>  l0  fnitht 

helfoJ^M^0 byefeWS  CJX'K^hfS  fa"d  "f  ^l  ™T  "™" 
the  Sun's  Right  Afcenlion  converted  intoHou  andS  tte  ffifeent  "  S"r>  '™ft-a 
added  to  the  obferved  Hour  of  the  Star  from  the  Meridian  will  lew  h  :  th'S  S,fieraice 
Sun  is  gone  from  the  Meridian,  which  is  in  effeftfhe  Hour  of  thf^ht      ^      ^  ^ 

For 
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For  example  ;  The  i^tb  of  May,  the  Sun  being  in  the  qth  Degree  of  Gemini,  I  fee  the 
Bead  to  Aicluriis,  and  obferving  his  Altitude,  find  him  to  be  in  die  Weir,  about  52  de"-. 
high,  and  the  Lead  to  fail  upon  the  Hour-Line  of  two  after  Noon  ;  then  the  Hour  will  be 
11  Hours  50  min.  paft  Noon.,  or  10  Minutes  fhort  of  Midnight.  For  62  deg.  the  Sun's 
Right  Afcenfion,  converted  into  Time,  makes  4  Hours  8  min.  which  if  we  take  out  of 
13  Hours  58  mm.  the  Right  Afcenfion  of  Artturus,  the  Difference  will  be  9  Hours  50  min. 
and  this  being  added  to  two  Hours,  the  obferved  Diftance  of  Artiurus  from  the  Meridian, 
fhews  the  Hour  of  the  Night  to  be  11  Hours  50  min. 

Thus  have  I  brie.iy  fhewn  the  Manner  of  folving  feveral  of  the  chief  and  moft  ufeful 
Aftronomical  Problems,  by  means  of  this  Quadrant.  As  for  the  Manner  of  taking  Altitudes 
in  Degrees,  as  iikewjfe  the  Ufeor  the  Quadrat,  fee  our  Author's  Quadrant. 

There  are  other  Quadrants  made  by  Mr.  Sutton  long  fince;  one  of  which  (being  in  my 
Opinion  the  bell)  is  a  Stereographical  Projection  of  -f  of  thofe  Circles,  or  quarter  of  the 
Sphere  between  the  Tropicks,  upon  the  Plane  of  the  Equinodial,  the  Eye  being  in  the 
Kcr.h  Pole. 

The  faid  quarter  on  the  Quadrant,  is  that  between  the  South  part  of  the  Meridian,  and 
Hour  of  fix,  which  will  leave  out  all  the  outward  part  of  the  Almicanters  between  it  and 
the  Tropxk  of  Capricorn  ;  and  inftead  thereof,  there  is  taken  in  fuch  a  like  part  of  the 
deprefled  Parallels  to  the  Horizon,  between  the  fame  Hour  of  fix  and  Tropick  of  Capricorn, 
for  tne  Parallels  of  Depreffion  have  the  fame  Refped  to  the  Tropick  of  Capricorn,  as  the 
Parallels  of  AhLude  have  to  the  Tropick  of  Cancer,  and  will  produce  the  fame  EfFed. 

This  Projection  is  fitted  for  the  Latitude  of  London :  and  thofe  Lines  therein  that  run  from 
the  Right-hand  to  the  Left,  are  Parallels  of  Altitude  ;  and  thofe  which  crofs  them,  are 
Azimuths.  The  lefler  of  the  Circles  that  bounds  the  Projedion,  is  one  fourth  of  the 
Tropick  of  Capricorn,  and  the  other  one  fourth  of  the  Tropick  of  Cancer.  There  are  alfo 
the  two  Eclipticks  drawn  from  the  fame  Point  in  the  left  Edge  of  the  Quadrant,  with  the 
Characters  of  the  Signs  upon  them  ;  as  likewife  the  two  Horizons  from  the  fame  Point.  The 
Limb  is  divided  both  into  Degrees  and  Time,  and  by  having  the  Sun's  Altitude  given,  we 
may  find  the  Hour  of  the  Day  to  a  Minute  by  this  Quadrant. 

The  Quadrantal  Arcs  next  the  Center  contain  the  Calender  of  Months  ;  and  under  them 
in  another  Arc  is  the  Sun's  Declination  :  fo  that  a  Tnread  laid  from  the  Center  over  any  Day 
of  the  Month,  will  fall  upon  the  Sun's  Declination  that  Day  in  this  laft.  Arc,  and  on  the 
Limb  upon  the  Sun's  Right  Afcenfion  for  that  fame  Day.  There  are  feveral  of  the  moft 
noted  fixed  Stars  between  the  Tropicks,  placed  up  and  down  in  the  Projection ;  and  next 
below  the  Projedion  is  the  Quadrat  and  Line  of  Shadows,  being  only  a  Line  of  natural 
Tangents  to  the  Arcs  of  the  Limb;  and  by  help  thereof,  the  Heights  of  Towers,  Steeples, 
&c.  may  be  pretty  exadly  taken. 

Now  the  Manner  of  ufing  this  Projedion  in  finding  the  Time  of  the  Sun's  rifing  or 
fetting,  his  Amplitude,  Azimuth,  the  Hour  of  the  Day,  &c.  is  thus:  Having  laid  the 
Thread  to  the  Day  of  the  Month,  bring  the  Bead  to  the  proper  Ecliptick,  (which  is  called 
redifying  of  it)  and  afterwards  move  the  Thread,  and  bring  the  Bead  to  the  Horizon  : 
then  the  Thread  will  cut  the  Limb  in  the  time  of  the  Sun's  rifing  or  fetting  before  or  after 
fix.  And  at  the  fame  time  the  Bead  will  cut  the  Horizon  in  the  Degrees  of  the  Sun's  Am- 
plitude. A^ain,  Suppofe  the  Sun's  Altitude  on  the  24^  of  April  be  obferved  45  Degrees, 
what  will  the  Hour  and  Azimuth  then  be  ?  Having  laid  the  Thread  over  the  24^  of  April, 
bring  the  Bead  to  the  Summer  Ecliptick,  and  then  carry  it  to  the  Parallel  of  the  Altitude 
45  Degrees  :  and  then  the  Thread  will  cut  the  Limb  at  55  deg.  15  min.  and  fo  the  Hour 
will  be  either  41  min.  paft  nine  in  the  Morning,  or  19  min.  pad  two  in  the  Afternoon.  And 
the  Bead  among  the  Azimuths  fhews  the  Sun's  Diftance  from  the  South  to  be  50  deg. 
41  min. 

Note,  If  the  Sun's  Altitude  be  lefs  than  that  which  it  hath  at  fix  a  Clock,  on  any  given 
Day  ;  then  the  Operation  muff  be  performed  among  thofe  Parallels  above  the  upper  Hori- 
zon, the  Bead  being  redified  to  the  Winter  Ecliptick. 

There  are  a  great  many  other  Ufes  of  this  Quadrant,  which  I  fhall  omit,  and  refer  you 
to  Collins's  Sedor  upon  a  Quadrant,  wherein  its  Defcription,  and  Ufe,  together  with  thofe 
of  two  other  Quadrants,  are  fully  treated  of. 
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Of  the   ConflruBion  and  Ufes  of  Infiruments 

for   Navigation. 
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Of  the  Con flrua ion  and  Vfe  of  the  Sea-Cowpafs,  and  Azimuth 

Compafs. 

SECTION  I. 

H  E  firft  Figure  fliews  the  Compafs  Card,  whofe  LJmli  r*.n«.r    .      l   tt    . 
of  the  World.     It  is  divided  into  four  ^^^^^^^f^ 
into  3 2  equal  Parts;  for  the  22   Points    whereof  fht   f  V-  °ften  buc 

which  are  called  Cardinal  ones,  croT  each  orher  at  rX  TT^  P°hltS> 
North,  diftinguifhed  by  the  Flover-de-hl  th South  tlu^u'  ^  the 
the  Eaft  and  Weft.     Now  if  each   of  tfifc A  ?PP?fl,te  thereco>  and 

have  the  eight  Rhumbs.  Again,  BiSig  /atofth^  W^^^fi*'  T  *? 
Semi-Rhumbs.  And  laftly,  B: feeling  each  of  thefe  laft  Fans w  Z^f^V^1^ 
Quarcer-Rhumbs.  The  four  Collateral  Rhumbs  take  heir  Nam :  fi£n  rh 7  'K  ^^ 
Rhumbs  each  affuming  the  two  Names  of  thofe  that  «  niAc'ft  SI  -?h  pT'^ 
in  the  middle,  between  the  North  and  the  Eaft,  is  calledNotth Eaft  L\  *  Kh™b 
South  and  the  Eaft,  is  called  South-Eaft ;  that  between  the  South f*nA  mi^  the 
South-Weft,  and  that  in  the  middle   between  fo^,^ 

Alfo  every  of  the  eight  Semi-Rhumbs  affumes  its  Name  from  the  rv™  R  f,      u     1 
nigheft  it;  as  that  between  the  North  and  North-Eaft,  is  called  No  th  Sorrh  F I  *  "J"  ,be 
tween  the  Eaft  and  North-Eaft,  is  called  Eaft  North-Eaft -tharhpr  J?^  ;  that  be~ 

Eaft,  is  called  Eaft  South-Eaft  /and  fo  of  others  '  tWCCn  th°  Eaft  and  S™th- 

Finally,  Each  of  the  Quarter-Rhumbs  has  its  Name  compofed  of  the  Rhumh.  c  ■ 
Rhumbs  which  are  n.gheft  to  it,  in  adding  the  Word  one- fourt  a  er  th  Na„J  fT 
Rhumb  neareft  to  it.  For  example ;  The  Quarter-Rhumb  neareft  to  rL  w  .  ?'  the 
to  the  North-Eaft,  is  called  North  one-fourth  Nortl  -M  hi  J  Y  '  andn  neXC 
North-Eaft  towards  the  North,  is  called  Nbrt^XSe^^^JV  ^  the 
as  they  appear  abbreviated  round  the  Card.  Each  Qua  er-W  lb  co^in  1  ,  °f  "^ 
the  Semi-Rhumbs  22  deg.  3o  mm.  and  the  whole  Rhumbs Icde"  '  dfg'  '5  mi"' 

The  Infide  of  this  Card,  which  is  fuppofed  double    is  likewife   A\™A~A    ■ 
Parts,  by  a  like  Number  of  Radii,  denoting  the  32  Point     and  the  S    f°    \*  T*1 
is  gicwed  upon  a  Pafteboard,  hath  a  free  Motion  upon  it sPivc *    that  K^T^  ^ 
the  Declination  or  Variation  of  the  Needle  is  found.     nL   The    Outfide  o?  I    r  "}*? 
placed  upon  the  Limb  of  the  Box.  Uutfide  of  this  Card  is 
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The  fecond  Figure  reprefents  a  piece  of  Sreel  in  form  of  a  Rhumbus,  which  ferves  for  the 
Needle,  and  is  fattened  under  the  moveable  Card  with  two  little  Pins,  fo  that  one  of  the  ends 
of  the  longeft  Diameter  of  the  faid  Rhumbs  be  precifely  under  the  Flower-de-luce.  This 
piece  of  Steel  muft  be  touched  by  a  good  Load-ftone  ;  fo  that  one  end  may  direct  itfelf  to- 
wards the  North  part  of  the  World.  The  manner  of  doing  which,  we  have  already  fhewn 
in  {peaking  of  the  Load-ftone,  and  the  Compafs.  Note,  It  is  not  fo  well  to  glew  the  faid 
Needle  under  the  Card,  as  fome  do,  as  otherwife  to  fatten  it ;  becaufe  that  caufes  a  Ruft  very 
contrary  to  the  magnetick  Virtue. 

The  little  Figure  B,  in  the  middle  of  the  Rhumbus,  which  is  called  the  Cap  of  the  Needle, 
is  made  of  Brafs,  and  hollowed  into  a  Conical  Form.  This  Cap  is  applied  to  the  Center  of 
the  Card,  and  is  fattened' thereto  with  Glew. 

The  third  Figure  reprefents  the  whole  Compafs,  whereof  A  is  a  round  wooden  Box, 
about  fix  or  feven  Inches  Diameter,  and  four  deep  ;  (we  fometimes  make  thefe  Boxes  fquare.) 
b  b  and  c  c  are  two  Brafs  Hoops,  the  greater  of  which  being  b  b,  is  fattened  to  the  Sides  of 
the  Box  at  the  oppofite  Places  B  B.  The  other  Hoop  c  C  is  fattened  by  two  other  Pivots  at 
the  Places  C  C,  diametrically  oppofite  to  the  Hoop  b  b ;  and  thefe  two  Pivots  go  into  Holes 
made  towards  the  top  of  another  kind  of  wooden  Box,  in  which  the  Card  is  put.  And  by 
this  means,  this  laft  Box,  and  the  two  Hoops,  will  have  a  very  free  Motion;  fo  that  when 
the  great  Box  A  is  placed  flat  in  a  Ship,the  letter  Box  will  be  always  horizontal,  and  in  equili- 
l>,io>  notwithstanding  the  Motion  of  the  Ship.  In  the  middle  of  the  Bottom  of  this  laft  Box, 
is  placed  a  very  ftrait  and  well  pointed  brafs  Pivot,  on  which  is  placed  the  Cap  B  of  the  Card, 
which  Card  having  a  very  free  Motion,  the  Flower-de-luce  will  turn  towards  the  North,  and 
all  the  other  Points  towards  the  other  Correfpondent  Parts  of  the  World.  Finally,  theCard 
•is  covered  with  a  Glafs,  that  fo  the  Wind  may  have  no  power  on  it. 

Ufe  of  the  Sea-Compafs. 

The  Courfe  that  a  Ship  muft  take  to  fail  to  a  propofed  Place,  being  known  by  a  Sea- 
Chart,  and  the  Compafs  placed  in  the  Pilot's  Room,  fo  as  the  two  parallel  Sides  of  the 
fquare  Box  be  fixed  according  to  the  length  of  the  Ship,  that  is,  parallel  to  a  Line  drawn 
from  the  Poop  to  the  Prow  ;  make  a  Crofs,  or  other  Mark,  upon  the  middle  of  that  Side  of 
the  fquare  Box  perpendicular  to  the  Ship's  length,  and  the  moft  diftant  from  the  Poop, 
that  fo  the  Stern    of  the  Snip  by  this  means  may  be  directed  accordingly. 

Example.  Departing  from  the  Ifland  de  Oiitffant,  upon  the  Confines  of  Britany,  wedefireto 
fail  towards  Cape  Finifter  in  Galicia.  Now  in  order  to  do  this,  we  muft  firft  feek  (according 
to  the  manner  hereafcer  directed)  in  a  Mercator's  Chart,  the  Direction  or  Courfe  of  the  Ship 
leading  to  that  Place ;  and  th'S  v  e  find  is  between  the  South-Weft  and  the  South  South-Weft  ; 
that  is,the  Ship's  Courfe  muft  be  South- Wett,one-fourth  to  the  South.  Therefore  having  a  fair 
Wind,  turn  the  Stern  of  the  Ship,  fo  that  a  Line  tending  from  the  South-Weft,  one-fourth 
South,  exactly  anfwers  to  the  Crofs  marked  upon  the  middle  of  the  Side  of  the  fquare  Box  ; 
and  then  we  fhall  have  our  defire.  And  by  this  means,  which  is  really  admirable,  we  may 
direct  a  Ship's  Courfe  as  well  in  the  Night  as  in  tnc  Day,  as  well  being  fhut  up  in  a  Room 
in  the  Ship,  as  in  the  open  Air,  and  as  well  in  cloudy  Weather  as  fair;  fo  that  we  may  al- 
ways know  whether  the  Ship  goes  out  of  her  proper  Direction. 

Of  the  Variation  or  Declination  of  the  Needle. 

It  is  found  by  experience,  that  the  touched  Needle  varies  from  the  true  North,  that  is, 
the  Flower-de-luce  does  not  exactly  tend  to  the  North  part  of  the  World,  but  varies  there- 
from, fometimes  towards  the  Eaft,  fometimes  towards  the  Weft,  more  or  lefs,  according  to 
different  Times,  and  at  different  Places. 

About  the  Year  166$,  the  Needle  at  Paris  did  not  decline  or  vary  at  all ;  whereas  now  its 
Variation  is  there  above  12  Degrees  North-weftwardly.  Therefore  every  time  a  favourable 
Opportunity  offers,  you  muft  endeavour  to  obferve  carefully  the  Variation  of  the  Needle, 
that  fo  refpect  thereto  may  be  had  in  the  fleering  of  Ships.  If,  for  example,  the  Variation 
of  the  Needle  in  the  Ifland  de  Oiiejfant,  which  was  the  fuppofed  Place  of  departure  in  the 
abovementioned  Example,  was  10  Degrees;  and  if  the  Ship  fhould  exactly  keep  the  Courfe 
of  South-Weft,  one- fourth  to  the  South,  inftead  of  arriving  at  Cape  Finifter,  it  would  come 
to  another  Country  10  Degrees  more  to  the  Eaft. 

Now  to  remedy  this,  you  need  only  remove  the  Crofs,  upon  the  Side  of  the  Box,  Shewing 
the  Rhumb  of  Direction,  more  eafterly  by  the  Quantity  of  the  Degrees  of  the  Needle's  Va- 
riation weft  wardly;  and  fo  as  often  as  a  new  Declination  or  Variation  of  the  Needle  be 
found,  the  place  of  the  faid  Crofs  muft  be  altered.  Note,  When  the  Box  is  quite  round,  a 
Mark  mutt  be  made  againft  the  North  and  South  on  the  Body  of  the  faid  Box. 

If  like  wife  a  Veffel  departs  from  the  Sortings  in  England,  in  order  to  fail  to  the  Ifland  ot 
Madera,  you  will  find  by  a  Sea-Chart  that  her  Courfe  muft  be  South  South-Weft  ;  but  if  at 
the  fame  time  the  Variation  of  the  Needle  be  fix  Degrees  North  Eafterly,  the  Crofs  denoted 
upon  the  Edge  of  the  Compafs  muft  be  removed  fix  Degrees  towards  the  Weft,  in  order  to 
direct  the  Ship  according  to  her  true  Courfe  found  in  the  Chart. 

But 
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But  if  a  Sea-Compafs  be  ufed,  wherein  the  Pofition  of  the  Needle  may  be  altered,  as  that 
which  hath  a  double  Card,  the  Flower-de-luce  of  the  Card  mufl  be  fixed,  fo  that  its  Point  may 
fhew  the  true  North;  and  then  you  will  have  it  to  alter  every  time  there  is  a  new  Varia- 
tion obferved.  Now  in  this  Cafe  the  Crofs  upon  the  Edge  of  the  Compafs  muft  not  be 
altered. 

It  is  very  nece(Tary,  and  principally  in  long  Courfes,  for  Seamen  to  make  Celeftial  Ob- 
fervations  often,  in  order  to  have  the  Variation  of  the  Needle  exactly,  that  the  Direction 
of  the  Veflel  may  thereby  be  truly  had,  as  like  wife  that  they  -may  know  where  they  are, 
after  having  efcaped  a  great  Storm,  during  which  they  were  obliged  to  leave  the  true  Courfe, 
and  let  the  Veflel  run  according  as  the  Wind  or  Currents  drove  her. 

SECTION    II. 

Of  the  Azimuth  Compafs. 

Fig-4-  This  Compafs  is  fomething  different  from  the  common   Sea-Compafs  before  fpoken  of. 

For  upon  the  round  Box,  wherein  is  the  Card,  is  faftened  a  broad  brafs  Circle  A  B,  one 
Semi-circle  whereof  is  divided  into  90  equal  Parts  or  Degrees,  numbered  from  the  middle 
of  the  faid  Divisions  both  ways,  with  10,  20.  &c.  1045  Degrees;  which  Degrees  are  alfo 
divided  into  Minutes  by  Diagonal  Lines  and  Circles:  But  thefe  graduating  Lines  are  drawn 
from  the  oppofite  part  of  the  Circle,  viz,,  from  the  Point  b,  wherein  the  Index  turns  in 
time  of  Obfervation. 

b  c  is  that  Index  moveable  about  the  Point  b,  having  a  Sight  b  a  ere&ed  thereon,  which 
moves  with  a  Hinge,  that  fo  it  may  be  raifed  or  laid  dow  n,  according  to  neceffity.  From- 
the  upper  part  of  this  Sight,  down  to  the  middle  of  the  Index,  is  faftened  a  fine  Hypothe- 
nufal  Lute-firing,  or  Thread  d  e,  to  give  a  Shadow  upon  a  Line  that  is  in  the  middle  of  the 
faid  Index. 

Note,  The  reafon  of  making  the  Index  move  on  a  Pin  faftened  in  b,  is,  that  the  Degrees 
and  Divifions  may  be  larger;  for  now  they  are  as  large  again  as  they  would  have  been,  if 
they  had  been  divided  from  the  Center,  and  the  Index  made  to  move  thereon. 

The  abovenamed  broad  brafs  Circle  A  B,  is  crofted  at  Right  Angles  with  two  Threads, 
and  from  the  ends  of  thefe  Threads  are  drawn  four  fmall  black  Lines  on  the  Infide  of  the 
round  Box  ;  alfo  there  are  four  Right  Lines  drawn  at  Right  Angles  to  each  other  on  the 
Card. 

This  round  Box,  thus  fitted  with  its  Card,  graduated  Circle,  and  Index,  &c.  is  to  be 
hung  in  the  brafs  Hoops  B  B  ;  and  thefe  Hoops  are  faftened  to  the  great  fquare  wooden 
Box  C  C. 

"The  Ufe  of  the  Azimuth  Compafs  in  finding  the  Sun  s  Magnetkal  Azimuth  or   Amplitude^  and 

from  thence  the  Variation  of  the  Compafs. 

There  are  feveral  ways  of  finding  the  Variation  of  the  Needle,  as  by  the  rifing  and  fet- 
ting  of  the  fame  Star,  or  by  the  Obfervation  of  the  two  equal  Altitudes  of  a  Star  above  the 
Horizon,  fince  the  faid  Star,  at  each  of  thofe  Times,  will  be  equally  diftant  from  the  true 
Meridian  of  the  World  ;  or  elfe  by  a  Star's  paffage  over  the  Meridian. 

But  thefe  Methods  are  not  much  ufed  at  Sea:  Firft,  becaufe  the  Time  wherein  the  Sun, 
or  a  S.ar,  partes  over  the  Meridian,  cannot  be  known  precifely  enough;  for  there  is  a  great 
deal  of  Time  taken  in  making  Obfervations  of  the  Sun's  Altitudes,  till  he  is  found  to 
have  the  greateft,  that  is,  his  Meridian  Altitude. 

Secondly,  Becaufe  the  Sun's  Declination  may  be  confiderably  altered,  and  alfo  the  Ship's 
Latitude  between  the  Times  of  the  two  Obfervations  of  his  equal  Altitudes  above  the  Ho- 
rizon, Morning  and  Evening,  or  of  his  Rifing  and  Setting. 

Therefore  the  Variation  of  the  Compafs  may  much  better  be  found  by  one  Obfervation 
of  the  Sun's  magnetics!  Amplitude,  or  Azimuth.  But  the  Sun's  Declination,  and  the  La- 
titude of  the.  Place  the  Ship  is  in,  muft  be  known,  that  fo  his  true  Amplitude  may  be  had;  his 
Altitude  muft  alfo  be  given,  when  the  magnetick  Azimuth  is  taken,  that  fo  his  true  Azimuth 
may  be  had  at  that  Time  alfo. 

Now  if  the  Obfervation  be  for  an  Amplitude  at  Sun-rifing,  or  an  Azimuth  before  Noon, 
you  muft  put  the  Center  of  the  Index  b  c  upon  the  Weft  Point  of  the  Card  within  the  Box, 
fo  that  the  four  Lines  on  the  Edge  of  the  Card,  and  the  four  Lines  on  the  Infide  of  the  Box, 
may  agree  or  come  together.  But  if  the  Obfervation  be  for  the  Sun's  Amplitude,  Setting, 
or  an  Azimuth  in  the  Afternoon,  then  you  muft  turn  the  Center  of  the  Index  right-againft 
the  Eati  Point  of  the  Card,  and  make  the  Lines  within  the  Box  concur  with  thofe  on  the 
Card.  Having  thus  fitted  the  Inftrument  for  Obfervation,  turn  the  Index  b  c  towards  the 
Sun,  till  the  Shadow  of  the  Thread  d  e  falls  directly  upon  the  flit  of  the  Sight,  and  upon 
the  Line  t/iat  is  along  the  middle  of  the  Index  ;  then  will  the  inner  Edge  of  the  Index  cut 
the  Degree  and  Minute  of  the  Sun's  magnetical  Azimuth,  from  the  North  or  South. 

But  note,  that  if  the  Compafs  being  thus  placed,  the  Azimuth  belefs  than  45  deg.  from 
the  South,  and  the  Index  be  turned  towards  the  Sun,  it  will  then  pafs  off  the  Divifions   of 

the 
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the  Limb,  and  fo  they  become  ufelefs  as  it  now  (lands  :  therefore  you   muff  turn  the  InPun 
ment  juft  a  Quarter  of  the  Compafs,  that  is,  place  the  Center  of  the  Index  on  the  North  or 
Soutii  Point  of  the  Card,  according  as  the  Sun  is  from  you,  and  then  the  Edge  thereof  will 
cut   the   Degree   of   the  Magnetick  Azimuth,    or  Sun's   Azimuth    from    the   North,    as 
before. 

The  Sun's  Magnetical  Amplitude,  (that  is,  the  Diftance  from  the  Eaft  or  Weft  Points  cf 
the  Compafs,  to  that  Point  in  the  Horizon  whereat  the  Sun  rifes  or  fets)  being  obferved  by 
this  Inftrument,  the  Variation  of  the  Compafs  may  be  thus  found. 

Example.  Being  out  at  Sea  the  ijtb  Day  of  May,  in  the  Year  171 5,  in  45  Decrees  of  North 
Latitude,  I  find  from  Tables  that  the  Sun's  Declination  is  19  cleg.  North,  and  his  Eaft  Am- 
plitude 27  deg.  25  min.  North.  Now  I  obferve  by  the  Azimuth  Compafs,  the  Sun's  Magne- 
tical Amplitude  at  his  rifing  and  fetting,  and  find  that  he  rifes  between  the  62^and  6^ddeg. 
reckoning  from  the  North  towards  the  Eaft  part  of  the  Compafs,  that  is,  between  the  zjib 
and  I'ith  Degree  from  the  Eaft  ;  and  fince  in  this  Cafe  the  magnetical  Amplitude  is  equal 
to  the  true  Amplitude,  I  conclude  that  at  this  Place  and  Time,  the  Needle  has  no 
Variation. 

But  if  the  Sun  at  his  rifing  fhould  have  appeared  between  the  5  2d  and  53  J  Degree  from 
the  North  towards  the  Eaft,  his  magnetical  Amplitude  would  then  be  between  37  and 
38  Degrees,  that  is,  about  10  Degrees  greater  than  the  true  Amplitude:  and  there- 
fore the  Needle  would  vary  about  10  Degrees  North- Eafterly.  If,  on  the  contrary,  the 
magnetical  Eaft  Amplitude  found  by  the  Inftrument  fhould  be  lefs  than  the  true  Amplitude, 
their  Difference  would  fhew  that  the  Variation  of  the  Needle  is  North-Eafterly.  For  if 
the  magnetical  Amplitude  be  greater  than  the  true  Amplitude,  this  proceeds  from  hence, 
that  the  Eaft  part  of  the  Compafs  is  drawn  back  from  the  Sun  towards  the  South,  and  the 
Flower-de-luce  of  the  Card  approaches  to  the  Eaft,  and  fo  gives  the  Variation  North-Eafterly. 
The  reafon  for  the  contrary  of  this  is  equally  evident. 

If  the  true  Eaft  Amplitude  be  Southwardly,  as  likewife  the  magnetical  Amplitude,  and 
this  laft  be  the  greater  ;  then  the  Variation  of  the  Needle  will  be  North-Weft  ;  and  if  on 
the  contrary,  the  magnetical  Amplitude  be  lefs  than  the  true  Amplitude,  the  Variation  of 
the  Needle  will  be  North-Eafterly,  as  many  Degrees  as  are  contained  in  their  De- 
ference. 

What  we  have  faid  concerning  North -Eaft  Amplitudes,  muft  be  underftood  of  South- 
Weft  Amplitudes,  and  what  we  have  faid  of  South-Eaft  Amplitudes,  muft  be  underftood  of 
North- Weft  Amplitudes. 

Finally,  If  Amplitudes  are  found  of  different  Denominations ;  for  example,  when  Am- 
plitudes are  Eaft,  if  the  true  Amplitude  be  6  deg.  North,  and  the  magnetical  Amplitude 
5  deg.  South  ;  then  the  Variation,  which  in  this  Cafe  is  North-Weft,  will  be  greater  than 
the  true  Amplitude,  it  being  equal  to  the  Sum  of  the  magnetical  and  true  Amplitudes  : 
and  fo  adding  them  together,  we  fhall  have  1 1  Degrees  of  North- Weft  Variation.  Under- 
ftand  the  fame  for  Weft  Amplitudes. 

The  Variation  of  the  Compafs  may  likewife  be  found  by  the  Azimuth  ;  but  then  the 
Sun's  Declination,  the  Latitude  of  the  Place,  and  his  Altitude  muft  be  had,  that  fo  his  true 
Azimuth  may  be  found. 

CHAP.    II. 

Of  the  Conftruttion    and  Vfe   of  Inftruments  for  taking  the 
Altitudes  of  the  Sun  or  Stars  at  Sea. 

Of  the  Sea-dfirolabe. 

TH  E  moft  common  Inftrument  for  taking  of  Altitudes  at  Sea  is  the  Aftrolabe,  which  pig.  j, 
confifts  of  a  brafs  Circle,  about  one  Foot  in  Diameter,  and  fix  orfeven  Lines  in  thick- 
nefs,  that  fo  it  may  be  pretty  weighty  :  there  is  fometimes  likewife  a  Weight  of  fix  or  feven 
Pounds  hung  to  this  Inftrument  at  the  Place  B,  that  fo  when  the  Aftrolabe  is  fufpended 
by  its  Ring  A,  which  ought  to  be  very  moveable,  the  faid  Inftrument  may  turn  any  way, 
and  keep  a  perpendicular  Situation  during  the  Motion  of  the  Ship. 

The  Limb  of  this  Inftrument  is  divided  into  four  times  oo  Degrees,  and  very  often  into 
halves,  and  fourths  of   Degrees. 

It  is  abfolutely  necetfary,  that  the  Right  Line  C  D,  which  represents  the  Horizon,  be 
perfectly  level,  that  fo  the  beginning  of  the  Divifions  of  the  Limb  of  the  Inftrument  may 
be  made  therefrom.  Now  to  examine  whether  this  be  fo  or  no,  you  muft  obferve  fome 
diftant  Objecl:  thro  the  Slits  or  little  Holes  of  the  Sights  F  and  G,  fattened  near  the  Ends 
of  the  Index,  freely  turning  about  the  Center  E,  by  means  of  a  turned-headed   Rivet  :  I 

F  f  f  fay 
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fay,  you  muft  obferve  the  faid  diftant  Obje&s,  in  placing  the  Eye  to  one  of  the  faid  Sights 
for  example,  to  G  :  then  if  the  Aftrolabe  be  turned  about,  and  the  fame  Object  appear* 
thro  the  other  Sight  F,  without  moving  the  Index,  it  is  a  fign  the  Fiducial  Line  of  the  Index 
is  horizontal.  But  if  at  the  fecond  time  of  Obfervation,  the  Index  mnft  be  raifed  or  lowered 
before  the  Object  be  efpied  thro  the  Sights,  then  the  middle  Point  between  the  two  Pofitions 
will  ftiew  the  true  horizontal  Line  pa  fling  thro  the  Center  of  the  Inftrument,  which  muft 
be  verified  by  feveral  repeated  Obfervations,  before  the  Divifions  of  the  Limb  are  be«un  to 
be  made,  in  the  manner  as  we  have  elfewhere  explained. 

Ufe  of  the  Aflrolabe. 
The  Ufe  of  this  Inflrument  is  for  obferving  the  Sun  or  Stars  Altitude  above  the  Hori- 
zon, or  their  Zenith  Diflance.  The  manner  of  effecting  which,  is  thus  :  Holding  the 
Aflrolabe  fufpended  by  its  Ring,  and  turning  its  Side  towards  the  -Sun,  move  the  Index 
till  the  Sun's  Rays  pafs  thro  the  Sights  F  and  G  ;  then  the  Extremes  of  the  Index  will  give 
the  Altitude  of  the  Sun  in  H,  upon  the  divided  Limb,  from  C  to  F,  comprehended  between 
the  horizontal  Radius  E  C  and  the  Rays  E  F  of  the  Sun,  becaufe  the  Inftrument  in  this 
Situation  reprefents  a  Vertical  Circle.  Now  the  Divifions  of  the  Arcs  BGorAF,  fhew  the 
Sun's  Zenith  diflance. 

"The  QmfituBion  of  the  Ring. 

Fig.  6.  This  Figure  reprefents  a  brafs  Ring  or  Circle,  about   o  Inches  in  Diameter,  which   it  is 

neceffary  fhould  be  pretty  thick  ;  that  fo  being  weighty,  it  may  keep  its  perpendicular  Situ- 
ation better  than  when  it  is  not  fo  heavy,  having  the  Divifiens  denoted  in  the  Concave  Sur- 
face thereof.  The  little  Hole  C,  made  thro  the  Ring,  is  45  Degrees  diftant  from  the  Point 
of  Sufpenlion  B,  and  is  the  Center  of  the  Quadrant  D  E,  divided  into  90  Degrees,  one   of 

v  whofe  Radius's  C  E,  is  parallel  to  the  Vertical  Diameter  B  H  of  the  Ring,  and  the  other 

horizontal  Radius  C  D,  is  perpendicular  to  the  faid  Vertical  Diameter. 

Now  having  found  the  laid  horizontal  Radius  C  D  very  exa&Iy,  by  fufpending  the  Ring 
&c.  Radius's  muff  be  drawn  from  the  Center  Cto  each  Degree  of  the  Quadrant  D  E  and 
upon  the  Points  wherein  the  faid  Radius's  cut  the  Concave  Surface  of  the  Ring,  the  corre- 
fpondent  Numbers  of  the  Degrees  of  the  Quadrant  muft  be  graved  ;  and  fo  the  Concave 
Surface  of  the  Ring,  will  be  divided  from  F  to  G.  This  Divifioning  may  be  firft  made 
feparateiy  upon   a  Plane,  and  afterwards  transferred  upon   the  Concave  Surface  of   the 


Ring. 


This  Inftrument  is  reckoned  better  than  the  Aflrolabe,  becaufe  the  Divifions  of  the 
Degrees  upon  the  Concave  Surface  are  larger  in  proportion  to  its  bignefs,  than  thofe  on  the 
Aftrolabe. 


Of  the  Quadrant. 
Fig-  1'  The  Inflrument  of  Figure  7,  is  a  Quadrant  about  one  Foot  Radius,  having  its  Limb  di- 

vided into  90  Degrees,  and  very  often  each  Degree  into  every  ^th  Minute  by  Diagonals. 
There  are  two  Sights  fixed  upon  one  of  the  Sides  A  E,  and  the  Thread  to  which  the  Plum- 
met is  fattened,  is  fixed  in  the  Center  A.  I  fhall  not  here  mention  the  Conflruclion  of  this 
Inflrument,  becaufe  we  have  fufficiently  fpoken  thereof  in  Chap.  V.  Book  IV. 

Now  to  ufe  this  Inflrument,  you  muft  turn  it  towards  the  Sun  D,  in  fuch  manner  that 
its  Rays  may  pafs  thro  the  Sights  A  and  E,  and  then  the  Thread  will  fall  upon  the  Degrees 
of  the  Sun's  Altitude  on  the  Limb,  in  the  Point  C,  reckoned  from  B  to  C,  and  the  Com- 
plement of  his  Altitude  reckoned  from  E  to  C. 

Of  the  Fore-Staff,  or  Crof -Staff. 
Fig.  ?.  This  Inflrument  confifls  of  a  flrait  fquare  graduated  Staff  A  B,  between  two  and  three 

Foot  in  length,  and  four  Crofles  or  Vanes  F  F,  E  E,  D  D,  C  C,  which  Aide  ffifHy  thereon. 
The  firft  and  fhortefl  of  thefe  Vanes  F  F,  is  called  the  Ten-crofs  or  Vane,  and  belongs   to 
that  Side  of  the  Staff  whereon  the  Divifions  begin  at  about  3    Degrees  from  the    End  A 
(whereat  the  Eye  is  placed  in   time  of  Obfervation)  to  10  Degrees.     Note,  Sometimes  the 
Thirty- crofs  E  F  is  fo  made,  as  that  the  Breadth  thereof  ferves  inftead  of  this  Ten-crofs. 

The  next  longer  Vane  E  F,  is  called  the  Thirty-crofs,  and  belongs  to  that  Side  of  the 
Staff,  whereon  the  Divifions  begin  at  10  Degrees,  and  end  at  30  Degrees,  and  this  is  called 
the  Thirty-fide  :  Half  the  length  of  the  Thirty-vane  will  reach  on  this  Thirty-fide,  from 
30  deg.  to  23  deg.  52  min.  and  the  whole  length  from  30  deg.  to  19  deg.  47  min. 

The 
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The  next  longer  Vane  D  D,  is  called  the  Sixty-crofs,  and  belongs  to  that  Side  of  che'Scaff 
whereon  the  Divifions  begin  at  20  deg.  and  end  at  60  deg.  and  is  called  the  Sixty-fide.     The 
length  of  this  Crofs  will  reach  on  this  Sixty-fide,  from  60  deg.  to  30  deg. 

The  longeit  Crofs  C  C,  is  called  the  Ninety-crofs,  and  belongs  to  that  Side  whereon  the 
Divifions  begin  at  50  Degrees,  and  end  at  90  Degrees,  and  is  called  the  Ninety-fide  of  the 
Staff:  the  Degrees  on  the  feveral  Sides  of  the  Star$  are  numbered  with  their  Complements 
to  90  Degrees  in  fmall  Figures. 

This  Staff  may  be  graduated  Geometrically  thus  :  Upon  a  Table,  or  on  a  large  Paper  Fig.  9, 
patted  fmoothly  upon  fome  Piane,  draw  the  Line  F  G,  the  length  of  the  Staff  to  be  gradua- 
ted, and  on  F  and  G  raife  the  Perpendiculars  .  F  C  and  GD;  upon  which  lay  off  the 
Length  you  intend  for  the  half  Length  of  one  of  the  four  Crofles,  from  F  to  C,  and  G  to 
D,  and  draw  the  Line  C  D  reprefenting  the  Staff  to  be  graduated.  This  being  done,  a- 
bout  the  Center  F,  with  the  Semidiameter  F  G  or  C  D,  defcribe  an  eighth  part  of  a  C  ircle, 
■which  divide  into  90  equal  Parts.  Then  if  Right  Lines  be  drawn  from  the  Point  F,  to 
each  of  the  aforefaid  Divifions,  thefe  Lines  will  divide  the  Line  C  D,  as  the  Staff  ought 
to  be  graduated. 

But  if  this  Staff  is  to  be  graduated  by  the  Table  of  natural  Tangent's,  you  muft  firft 
obferve,  that  the  Graduations  are  only  the  natural  Co-tangents  of  half  Arcs,  the  half  Crofs 
being  Radius  ;  therefore  divide  the  length  of  the  half  Crofs  into  1000  equal  Parts,  or  100000 
if  poffible,  according  to  the  Radius  cf  the  Tables  of  natural  Tangents  :  then  take  from 
this  the  Co-tangents,  as  you  find  them  in  the  Table,  and  prick  them  from  F  fuccefliveiy,  and 
your  Staff  will  be  graduated  for  tnatVane.  So  do  for  the  reft  feverally.  If  !t  be  requi- 
red to  prick  down  the  %oth  Decree,  the  half  of  80  is  40,  and  the  natural  Co-tangent  of 
40  deg.  is  1 19175,  which  take  from  the  Scale  or  half  Crofs  fo  divided,  and  prick  it  from 
F  to  P,  and  that  will  be  the  Point  for  80  Degrees,  &c.  So  again,  To  put  on  the  64th  De- 
gree, half  of  64  is  32,  and  its  Go-tan  ent  is  160033,  which  take  from  the  divided  Crofs 
(prolonged)  prick  it  from  E,  and  you  will  have  the  64th  Degree. 

Now  that  the  Crofs  C  D,  when  transferred  to  B,  fhall  make  the  Angles  CAD  eighty  Fig.  10. 
Degrees,  is  demonftrable  thus :  Since  C  B  the  half  Crofs  is  Radius,  and  A  B  is  by  Con- 
ftruction  the  Tangent  of  50  deg.  the  Angle  A  C  B  is  50  Degrees ;  and  fince  the  Triangle 
A  B  C  is  Right  Angled,  the  Angle  B  A  C  will  be  40  Degrees  :  but  the  Angle  D  A  C  is 
double  the  Angle  B  A  C  ;  therefore  the  Angle  D  A  C  is  80  Degrees,  and  the  Point  B  the 
true  Point  on  the  Staff  for  80  Degrees.  The  fame  Demonftration  holds,  let  the  Crofs  be 
what  it  will. 

If  the  Staff"  be  to  be  graduated  by  any  Diagonal  Scale,  meafure  half  the  Length  of  the 
Vane  by  the  Scale,  and  fay,  As  the  Radius  of  the  Tables  1 00000,  is  to  the  Meafure  of  half 
the  Crofs,  fo  is  the  natural  Co-tangent  of  the  halt  of  any  Number  of  Degrees  defired  to 
be  pricked  on  the  Staff,  to  the  Space  between  the  Center  of  the  Staff  F,  and  the  Point  for 
the  Degrees  fought. 

For  example ;  Suppofe  half  the  Length  of  the  Vane,  meafured  on  a  Diagonal  Scale,  be 
945  ;  to  find  what  Number  muft  be  taken  oft'  the  Diagonal  Scale  for  the  Sotb  Degree. 
The  Co-tangent  of  40  Degrees  (half  of  80)  is  1191753,  which  being  multiplied  by  945, 
and  divided  by  Radius,  gives  11261.  And  this  being  taken  from  the  Diagonal  Scale,  will  give 
the  Degrees  defired. 

The  Ufe  of  the  Fore-Staff. 
The  chief  Ufe  of  this  Inftrument,  is  to  take  the  Altitude  of  the  Sun  or  Stars,  or  the 
Diilance  of  two  Stars ;  and  the  Ten,  Thirty,  Sixty  and  Ninety  Crolfes  are  to  be  ufed, 
according  as  the  Altitude  is  greater  or  leffer  ;  that  is,  if  it  be  lefs  than  10  Degrees,  the 
Ten  Crofs  muft  be  ufed  ;  if  above  10,  but  lefs  than  30  Degrees,  the  Thirty  Crofs  mull  be 
ufed  ;  and  if  the  Altitude  be  judged  to  be  above  30,  but  lefs  than  60  Degrees,  the  Sixty  Crofs  ' 
mull  be  ufed.  But  when- Altitudes  are  greater  than  60  Degrees,  this  Inftrument  is  not  fo 
convenient  as  others. 

To  obferve  an  Altitude. 
Place  the  flat  End  of  the  Staff  to  the  outlide  of  your  Eye,  as  near   the  Eye  as   you  can,  Fig.  n. 
and  look  at  the  upper  End  b  of  the  Crofs  for  the  Center  of  the   Sun  or  Star,  and  at  the 
lower  End  a  for  the  Horizon.     But  if  you   fee  the  'Sky  inftead  of  the  Horizon,  Hide  the 
Crofs  a  little  nearer  to  your  Eye ;  and  if  you  fee  the  Sea   inftead  of  the  Horizon,  move  the 
Crofs  a  little  further  from  your  Eye,  and  fo  continue  moving   the  Crofs  till    you  fee  exactly 
the  Sun  or  Star's  Center  by  the  top  of  the  Crofs  b,  and   the  Horizon   by  the  bottom  thereof 
a.     Then  the  Degrees  and  Minutes  cut  by  the  inner  Edge  c  of  the  Crofs,  upon  the  Side  of 
the  Staff  peculiar  to  the  Crofs  you  ufe,  is  the  Altitude  of  the  Sun  or    Star  ;  But  if  it  be 
the  Meridian  Altitude  you  are  to  find,  you  muft  continue  your  Obfervation  as  long  as  you 
find  the  Altitude  increafe,  frill  moving  the  Crofs  nearer   to  your  Eye  ;  but   when  you  per- 
ceive the  Altitude  is  diminifhed,  forbear  any   farther  Obfervation,  and  do  not  alter  your 
Crofs  ;  but  as  it  ftands,  count  the  Degrees  and  Minutes  on  the  Side   proper  to  the  Crofs, 
and   you  will   have  the  Meridian  Altitude  required,  as  alfo  the  Zenith  Diftance,  by  fub- 
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ftractinc  the  fakl  Altitude  from  90  Degrees,  if  it  be  not  graduated  on  the  Staff.  To  which 
Zenith  Diftance  add  the  Minutes  allowed  for  the  Height  of  your  Eye  above  the  Surface  of 
the  Sea,  according  to  the  little  Table  in  the  Margin,  or  fubitracT:  it  from  the  Altitude,  and 
then  you  will  have  the  true  Zenith  Diftance  and  Altitude. 

If  it  be  hazy  or  fomewhat  thick  Weather,  the  Fore-Staff  may 
be  ufed  as  above  ;  but  if  the  Sun  fhines  out,  the  upper  Limb  of 
the  Sun  muft  be  either  obferved,  and  afterwards  his  Semidiameter 
muft  be  fubftra&ed  from  the  Altitude  found,  or  elfe  a  coloured 
Glafs  on  the  top  of  the  Crofs  muft  be  ufed,  to  defend  the  Sight 
from  the  Splendour  of  the  Sun. 

To  obferve  the  Diftance  of  two  Stars,  or  the  Moon's  Diftance 
from  a  Star,  place  the  Staff's  fiat  end  to  the  Eye,  as  before  directed, 
and  looking  to  both  ends  a  and  b  of  the  Crofs,  move  it  nearer  or 
farther  from  the  Eye,  till  you  can  fee  the  two  Stars,  the  one  on 
one  end,  and  the  other  on  the  other  end  of  the  Crofs.  Then  fee 
what  Degrees  and  Minutes  are  cut  by  the  Crofs  on  the  fide  of  the 
Staff  proper  to  that  Vane  in  ufe  ;  and  thofe  Degrees  fhew  the 
obferved  Star's  Diftance. 

But  that  there  may  be  no  Miftake  in  placing  the  Staff  to  the  Eye, 
which  is  the  greateft  Difficulty  in  the  Ufe  of  this  Inftrument  : 
Firft,  before  Obfervation,  put  on  the  Sixty-crofs,  and  place  it  to 
30  Degrees  on  its  proper  Side,  and  alfo  the  Ninety-crofs,  Hiding  to 
it  30  Degrees  likewife  on  his  Right  Side  :  this  being  done,  place 
the  end  of  the  Staff  to  the  corner  of  your  Eye,  moving  it  fomething 
higher  or  lower  about  the  Eye,  till  you  fee  the  upper  ends  of  the 
two  Croffes  at  once  exactly  in  a  Right  Line,  and  alfo  their  lower 
ends  ;  and  that  is  the  true  Place  of  your  Staff  in  Time  of  Obfer- 
vation. 

If  the  Sun's  Altitude  is  to  be  obferved  backwards  by  this  In- 
ftrument, you  muft  have  an  horizontal  Vane  to  fix  upon  the 
Center  or  Eye-end  of  the  Crofs,  as  alfo  a  Shoe  of  Brafs  for  a  Sight 
Vane,  to  fit  on  to  the  end  of  any  of  the  Croffes  ;  then  when  you 
would  obferve,  having  put  on  the  horizontal  Vane,  and  fixed  the 
Shoe  to  the  end  of  a  convenient  Crofs,  turn  your  back  to  the  Sun, 
and  looking  thro  the  Sight  in  the  brafs  Shoe,  lift  the  end  of  the 
Staff  up  or  down,  till  the  Shadow  made  by  the  upper  end  of  the  Crofs  falls  upon  the  flit  in 
the  Horizon-Vane,  and  at  the  fame  time  you  can  fee  the  Horizon  through  the  Horizon- 
Vane, 
tude. 

Vane  to  contract  the  Sun-beams,  and  caft  a  fmall  bright  Spot  on  the  Horizon  Vane,  this 
will  be  found  more  convenient  than  the  Shadow,  which  is  commonly  imperfeft  and 
double. 

Of  the  Englijh  Qjiadrant,  or  Back-Staff. 

This  Inftrument  is  commonly  made  of  Pear-Tree,  and  confifts  of  three  Vanes  A,  B,  C, 
and  two  Arcs.  The  Vane  at  A  is  called  the  Horizon- Vane,  that  at  B  the  Shade- Vane, 
becaufe  it  gives  the  Shadow  upon  the  Horizon- Vane  in  Time  of  Obfervation,  and  that  at 
C  the  Sight-Vane,  becaufe  in  Time  of  Obfervation  it  is  placed  at  the  Eye.  The  leffer 
Arc  D  E  is  the  Sixty  Arc,  and  that  marked  F  G  is  the  Thirty  Arc,  both  of  which  toge- 
ther make  90  Degrees,  but  they  are  of  different  Radius's.  The  Sixty  Arc  D  E  is  divided 
into  60  Degrees,  commonly  by  every  five,  but  fometimes  by  fingle  Degrees.  In  Time  of 
Obfervation,  the  Shadow-Vane  is  placed  upon  this  Arc  always  to  an  even  Degree. 

The  Thirty  Arc  G  F,  is  divided  into  30  Degrees,  and  each  Degree  into  Minutes  by  Dia- 
gonal Lines,  and  Concentrick  Arcs.  The  Manner  of  doing  which,I  have  already  laid  down 
elfewhere. 

"The  Ufe  of  the  EugHJ/j  Quadrant. 
If  the  Sun's  Altitude  be  to  be  taken  by  this  Inftrument,  you  muft  put  the  Horizon- 
Vane  upon  the  upper  End  or  Center  A  of  the  Quadrant,  the  Shade- Vane  upon  the  Sixty 
Arc  D  E,  to  fome  Number  of  Degrees  lefs  than  you  judge  the  Co-altitudes  will  be  by  10 
or  15  Degrees,  and  the  Sight- Vane  upon  the  Thirty  Arc  F  G.  This  being  done,  lite  up  the 
Quadrant,  with  your  Back  towards  the  Sun,  and  look  thro  the  fmall  Hole  in  the  Sight- 
Vane  C  ;  and  fo  raife  or  lower  the  Quadrant  till  the  Shadow  of  the  upper  Edge  of  the 
Shade- Vane  B  tails  upon  the  upper  Edge  of  the  ilit  in  the  Horizon-Vane  A:  if  then  at  the 
fame  time  the  Horizon  appears  thro  thefaid  flit,  the  Obfervation  is  finifhed  ;  but  if  the  Sea 
appears  infiead  ot  the  Horizon,  then  remove  the  Sight- Vane  lower  towards  F  j  but  if  the 
Sky  appears  inftead  of  the  Horizon,  then  Aide  the  Sight- Vane  a  little  higher 
tinue 


Then  the  Degrees  and  Minutes  cut  by  the  Crofs  on  the  proper  Side,  are  the  Alti- 
But  if  there  be  fixed  a  Lens,  or  fmall  double  Convex-Glafs,  to  the  upper  end  of  the 
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Vane,  and  the  Shadow  of  the  Shade- Vane  falls  at  the  fame  time  on  the  faid  Slit  of  the  Ho- 
rizon-Vane. This  being  done,  fee  how  many  Degrees  and  Minutes  are  cut  by  the  Edge  of 
the  Sight- Vane  C,  which  anfwers  to  the  Sight-Hole,  and  to  them  add  the  Degrees  that  are 
cut  by  the  upper  Edge  of  the  Shade- Vane,  and  the  Sum  is  the  Zenith  Diftance  or  Comple- 
ment of  the  Altitude.  But  to  find  the  Sun's  Meridian  or  greateft  Altitude  on  any  Day, 
you  muft  continue  the  Obfervation  as  long  as  the  Altitude  be  found  to  increafe,  which  you 
will  perceive,  by  having  the  Sea  appear  inftead  of  the  Horizon,  removing  the  Sight- Vane 
lower  ;  but  when  you  perceive  the  Sky  appear  inftead  of  the  Horizon,  the  Altitude  is  dimi- 
nifhed  :  therefore  defift  from  farther  Obfervation  at  that  Time,  and  add  the  Degrees  upon 
the  Sixty  Arc  to  the  Degrees  and  Minutes  upon  the  Thirty  Arc,  the  Sum  is  the  Zenith 
Diftance,  or  Co-altitude  of  the  Sun's  upper  Limb. 

And  becaufe  it  is  the  Zenith  Diftance  or  Co-altitude  of  the  upper  Limb  of  the  Sun,  that 
is  given  by  the  Quadrant,  when  obferving  by  the  upper  Edge  of  the  Shade- Vane,  as  it  is 
cuftomary  to  do,  and  not  the  Center  ;  you  muft  add  16  min.  the  Sun's  Semi-diameter,  to 
that  whicn  is  produced  by  your  Obfervation,  and  the  Sum  is  the  true  Zenith  Diftance  of  the 
Sun's  Center.  But  if  you  obferve  by  the  lower  part  of  the  Shadow  of  the  Shade- Vane, 
then  the  lower  Limb  of  the  Sun  gives  the  Shadow  ;  and  therefore  you  muft  fubftract  16  min. 
from  what  the-  Inftrument  gives  :  but  confidering  the  Height  of  the  Obfervator  above  the 
Surface  of  the  Sea,  which  is  commonly  between  16  and  20  Feet,  you  may  take  five  or  fix 
Mmu  es  from  the  16  Minutes,  and  make  the  allowance  but  10  min.  or  12  min.  to  be  added 
inftead  of  10  min. 

Note  alfo,  The  Refra&ion  of  the  Sun  or  Stars  caufes  them  to  appear  higher  than  they  are  ; 
therefore  after  having  made  your  Obfervation,  you  muft  find  the  convenient  Refraction,  and 
fubhract  it  from  your  Altitude,  or  add  it  to  the  Zenith  Diftance,  in  order  to  have  the  true 
ALicudeor  Zenith  Diftance.- 

If  a  Lens  or  double  Convex-Glafs  be  fixed  in  the  Shade- Vane,  which  contra&s  the  Rays 
of  Light,  and  cafts  them  in  a  fmall  bright  Spot  on  the  Slit  of  the  Horizon- Vane  inftead  of 
a  Shade,  this  will  be  an  Improvement  to  the  Inftrument,  if  the  Glafs  be  well  fixed  ;  for  then 
it  may  be  ufed  in  hazy  Weather,  and  that  fo  thick  an  Haze,  that  an  Obfervation  can  hardly 
be  made  with  the  Foreftaff ;  alfo  in  clear  Weather  the  Spot  will  be  more  defined  than  the 
Shadow,  which  at  beft  is  not  terminated. 

Of  the  Semi-circle  for  taking  Altitudes  at  Sea. 
This  Semi-circle  is  about  one  Foot  in  Diameter,  and  the  Limb  thereof  is  divided  into  90  Fig.  13. 
Degrees  only,  each  of  which  are  quartered  for  15  min.     At  A  and  B  are  two  Sights  fixed 
to  the  Extremes  of  the  Diameter,  and  another  at  C,  fo  ad  jufted  as  to  Aide  on  the  Limb  of 
the  Semi-circle,  that  fo  the  Sun's  Rays  may  pafs  thro  it  when  the  Inftrument  is  ufing. 

The  Ufe  of  the  Semi-circle. 

If  an  Altitude  is  to  be  taken  forwards  by  this  Inftrument,  the  Eye  muft  be  placed  at  the 
Sight  A,  and  then  you  muft  look  thro  the  Sights  A  and  B  at  the  Horizon,  and  Aide  the 
Sight  C  on  the  Limb,  till  the  Sun's  Rays  paffing  thro  it,  likewife  come  thro  the  Sight  A  to 
the  Eye.  This  being  done,  the  Degrees  of  the  Arc  between  B  and  C,  fliew  the  Sun's  Al- 
titude. 

But  if  the  Sun's  Altitude  is  to  be  taken  backwards,  which  is  the  bed  way,  becaufe  of  its 
Splendour  offending  the  Eye,  you  muft  place  the  Eye  to  B,  and  looking  thro  the  Sights  B 
and  A,  at  the  Horizon,  you  muft  Hide  the  Sight  C  along  the  Limb,  till  the  Sun's  Rays 
coming  thro  it,  fall  upon  the  Sight  A,  and  then  the  Arc  B  C  will  be  the  Sun's  Altitude  above 
the  Horizon,  as  before. 

The  Meridian  Altitude  or  Zenith  Diflance  of  the  Sun  or  Stars  being  found  by  Obfervation,  to  find 

the  Latitude  of  the  Place. 

Having  obferved  with  fome  one  of  the  Inflruments. before  fpoken  of,  the  Meridian  Alti- 
tude or  Zenith  Diftance  of  the  Sun,  or  fome  Star,  feek  the  Sun's  Declination  the  Day  of 
Obfervation  :  if  it  be  North,  fubftrad  the  Sun's  Declination  found  from  the  Sun's  Altitude, 
and  you  will  have  the  Height  of  the  Equinoctial  above  the  Horizon,  and  this  Height  taken 
from  00  Degrees,  and  you  will  have  the  Latitude  of  the  Place.  But  if  the  Zenith  Diftance 
be  added  to  the  Declination  of  the  Sun  or  Star,  the  Sum  will  be  the  Latitude  of  the  Place. 

Again,  If  the  Sun  or  Star  have  South  Declination,  you  muft  add  the  obferved  Altitude 
to  the  Declination,  and  the  Sum  will  be  the  Height  of  the  Equinoctial  above  the  Horizon, 
which  taken  from  00  Degrees,  and  the  Latitude  will  be  had.  But  if  from  the  Zenith 
Diftance  be  taken  the  Declination,  the  Remainder  will  be  the  Latitude  of  the  Place. 

Laftly,  If  the  Sun  has  no  Declination,  his  Altitude  taken  from  90  Degrees,  will  be  the 
Latitude ;  and  fo  in  this  Cafe  the  Zenith  Diftance  itfelf  is  the  Latitude. 

Example.  The  Sun  being  in  the  firft  Degree  of  Cancer,  his  Meridian  Altitude  at  Paris  is 
64  deg.  30  min.  Zenith  Diftance  25  deg.  30  min.  his  Declination  23  deg.  30  min.  North. 
Now  if  23  deg.  30  min.be  taken  from  64.  deg.  30  min.  the  Remainder  is  41  deg.  for  the 
Altitude  of  the  Equinoctial,  and  fo  the  Complement  of  41  deg.  to   00  deg.  is  4?  deg.  the 

G  g  g  Height 
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Height  of  the  Pole  or  Latitude  of  Paris;  but  if  the  Zenith  Diftance  25  deg.  30  min.  "be 
added  to  the  Sun's  Declination  23  deg.30  min.  the  Sum  will  be  45?  deg.  the  Latitude  of  Paris, 
as  before. 

ACTain,  Suppofethe  22^  of  December  (New  Stile)  the  Sun's  Meridian  Altitude  at  Paris  is 
obferved  17  deg.  30  min.  and  his  Zenith  Diftance  72  deg.  30  min.  his  Declination  is  then 
23  deg.  30  min.  South,  which  added  to  17  deg.  30  min.  and  the  Sum  is  41  deg.  vvhofc  Com- 
plement 45>  deg.  is  the  Latitude  of  Paris.  Again,  If  from  the  Zenith  Diftance  72  deg. 
30  min.  be  taken  the  Declination.,  the  Remainder  will  be  49  deg.  the  Latitude  of  Paris, 
as  before. 


CHAP.  III. 

Of  the  Conftruffion  and  VJes  of  the  Sinecal  Quadrant. 

Plate  2 1     TH  HIS   Inflrument  is  compofed  of  feveral  Quadrants,  having  the  fame  Center  A,  and 

Fig.  1."  L    feveral  parallel  ftrait  Lines  croffing  each  other   at  Right  Angles,  both  Quadrants  and 

Right  Lines  being  equally  diftant  from  each  other.     Now  one   of  thefe  Quadrants,  as  B  C, 

may  be  taken  for  a  quarter  or  fourth  part  of  any  great  Circle  of  the  Sphere,  and  principally 

for  a  fourth  Part  of  the  Horizon  and  of  the  Meridian. 

If  the  Quadrant  B  C  be  taken  for  one-fourth  part  of  the  Horizon,  either  of  the  Sides,  as 
A  B,  may  reprefent  the  Meridian,  that  is,  the  Line  of  North  and  South.  And  then  the 
other  Side  A  C,  being  at  Right  Angles  with  the  Meridian,  will  reprefent  the  Line  of  Eaft 
and  Weft.  All  the  other  Lines  parallel  to  A  B  are  alfo  Meridians,  and  all  thofe  parallel  to 
the  Side  A  C,  are  Eaft  and  Weft  Lines. 

The  aforefaid  Quadrant  is  firft  divided  into  eight  equal  Parts  by  feven  Radius's  drawn 
from  the  Center  A,  which  reprefent  the  eight  Points  of  the  Compafs  contained  in  one- 
fourth  of  the  Horizon,  each  of  which  is  1 1  deg.  1 5  min.  the  Arc  BC  is  likewife  divided 
into  po  Degrees,  and  each  Degree  divided  into  12  Minutes,  by  means  of  Diagonals,  drawn 
from  Degree  to  Degree,  and  fix  Concentrick  Circles.  There  is  likewife  a  Thread,  as  A  L, 
fixed  to  the  Center  A,  which  being  put  over  any  Degree  of  the  Quadrant,  ferves  to  divide 
the  Horizon  as  is  neceffary.  The  Conftruclion  of  the  reft  of  this  Inflrument,  is  enough  ma- 
nifeft  from  the  Figure  thereof. 

^  'The  Ufe  of  the  Sinecal  Quadrant. 

There  are  formed  Triangles  upon  this  Inflrument  fimilar  to  thofe  made  by  a  Ship's  Way 
with  the  Meridians  and  Parallels,  and  the  Sides  of  thefe  Triangles  are  meafured  by  the 
equal  Intervals  between  the  Concentrick  Quadrants,  and  the  Lines  N  and  S,  E  and  O. 

Thefe  Circles  and  Lines  are  diftinguifhed,  by  marking  every  fifth  with  broader  Lines  than 
the  others ;  fo  that  if  every  Interval  be  taken  for  one  League,  there  will  be  five  Leagues 
from  one  broad  Line  to  the  other ;  and  if  every  Interval  be  taken  for  four  Leagues,  then 
there  will  be  twenty  Leagues,  which  make  a  Sea  Degree,  from  one  broad  Line  to  the 
other. 

Let  us  fuppofe,  for  example,  that  a  Ship  has  failed  150  Leagues  North  Eaft,  one-fourth 
North,  which  is  the  third  Point,  and  makes  an  Angle  of  33  deg.  45  min.  with  the  North- 
part  of  the  Meridian.  Now  we  have  two  things  given,  viz,,  the  Courfe,  and  Diftance 
failed,  by  which  a  Triangle  may  be  found  on  this  Inflrument  fimilar  to  that  made  by  the 
Ship's  Courfe,  and  her  Latitude  and  Longitude ;  and  fo  the  other  unknown  Parts  of  the 
Triangle  found.     And  this  is  done  thus  : 

Let  the  Center  A  reprefent  the  Place  of  Departure,  and  count,  by  means  of  the  Concen- 
trick Arcs,  along  the  Point  that  the  Ship  failed  on,  as  A  D,  150  Leagues  from  A  to  D  ; 
then  the  Point  D  will  be  the  Place  the  Ship  is  arrived  at,  which  note  with  a  Pin.  This 
being  done,  let  D  E  be  parallel  to  the  Side  A  C,  and  then  there  will  be  formed  a  Right- 
angled  Triangle  A  E  D,  fimilar  to  that  made  by  the  Ship's  Courfe,  difference  of  Latitude 
and  Longitude  ;  the  Side  AE  of  this  Triangle  gives  125  Leagues  for  the  difference  of 
Latitude  Northwards,  which  make  6  deg.  15  min.  reckoning  20  Leagues  to  a  Degree,  and 
one  League  for  three  Minutes.  And  laftly,  the  Side  ED  will  give  83  leffer  Leagues  to- 
wards the  Eaft,  which  being  reduced  in  the  manner  hereafter  fhewn,  will  give  the  difference 
of  Longitude,  and  fo  the  whole  Triangle  will  be  known. 

.  Note,  We  call  leffer  Leagues  thofe  that  anfwer  to  the  Parallels  of  Latitude  between  the 
Equator  and  the  Poles,  which  continually  decreafe  the  nearer  they  are  to  the  Pole,  and  con- 
fequently  alfo  the  Degrees  of  Longitude  ;  and  therefore  the  nearer  a  Ship  fails  to  either  of 
the  Poles,  the  lefs  way  mult  flic  make  to  alter  her  difference  of  Longitude  any  determinate 
Number  of  Degrees. 

Since 
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Chap.  3.  the  Since al  Quadrant. 

Since  the  Center  A  always  reprefents  the  Place  of  departure,  it  is  manlfeft  that  when 
the  Point  D  of  arrival  is  found,  be  it  in  what  manner  fcever,  all  the  Parts  of  the  Triangle 
A  E  D  will  afterwards  be  caiily  determined. 

If  the  Sinecal  Quadrant  be  taken  for  a  fourth  part  of  the  Meridian,  one  Side  thereof 
as  A  B,  may  be  taken  for  the  common  Radius  of  the  Meridian,  and  the  Equator  ,•  and  the* 
other  fide  A  C,  will  then  be  half  the  Axis  of  the  World.  T;ie  Degrees  of  the  Circumference 
B  C,  will  reprefent  the  Degrees  of  Latitude,  and  the  Parallels  to  the  Side  A  B  perpendi- 
cular to  A  C,  aflumed  from  every  Point  of  Latitude  to  the  Axis  A  C,  will  be  the  Radius's 
of  the  Parallels  ot  Latitude,  as  likewife  the  Sine-Complements  of  thole  Latitudes. 

If,  for  example,  it  be  required  to  find  how  many  Degrees  of  Longitude  83  Idler  Leagues 
make  in  the  Parallel  of  48  deg.  you  muff  firft  extend  a  Thread  from  the  Center  A,  over  the 
48'/;  deg.  of  Latitude  on  the  Circumference  ;  and  keeping  it  there,  count  the  83  Leagues 
propofed  on  the  S  de  A  B,  beginning  at  the  Center  A.  Thefe  will  terminate  at  H,  in  al- 
lowing every  (mall  Interval  four  Leagues,  and  the  Interval  between  tiie  broad  Lines  twenty 
Leagues.  This  being  done,  if  the  Parallel  H  G  be  traced  out  from  the  Point  H  to  the 
Thread,  the  part  A  G  of  the  Thread,  (hews  that  125  greater  Leagues,  or  the  equinoctial 
Leagues,  make  6  deg.  15  min.  in  allowing  20  Leagues  to  a  Degree,  and  three  Minutes  for 
one  League  ;  and  therefore  the  83  lefler  Leagues  A  H,  which  make  the  difference  of  Lon- 
'gitude  of  the  fuppofed  Courfe,  and  which  are  equal  to  the  Radius  of  the  Parallel  G  I,  make 
6  deg.  15  min.  of  the  faid  Parallel. 

Let  it  be  required,  for  a  fecond  example,  to  reduce  100  lefler  Leagues  into  Degrees  of 
Longitude  on  the  Parallel  of  60  Degrees.  Having  firft  extended  the  Thread  from  the 
Center  A  over  the  60th  Degree  on  the  Circumference,  count  the  roo  Leagues  of  Longitude 
on  the  Side  A  B,  and  the  Parallel  terminating  thereon  being  directed  to  the  Thread,  the 
part  of  the  Thread  aflumed  from  the  Center,  fhews  that  200  Leagues  under  the  Equator 
make  10  Degrees;  that  is,  100  Leagues  in  the  Parallel  of  do  Degrees  make  10  Degrees 
of  Longitude,  lince  every  Degree  of  a  great  Circle  is  double  to  any  Degree  of  the  Parallel 
of  60  Degrees. 

On  one  Side  of  this  Inftrument  is  put  a  Scale,  called  a  Scale  of  Crofs-Latitudes,  whofe 
Conilruct'on  and  Divifion  is  the  fame  as  that  of  the  Meridian  Line  of  Mercato/s  Chart,  of 
which  we  (hall  fpeak  by  and  by.  The  Ufeof  this  Scale  is  to  find  a  mean  Parallel  between 
that  of  Departure  and  that  of  Arrival. 

When  a  Ship  has  failed  on  an  oblique  Courfe,  that  is,  neither  exadly  North,  South,  Eaft, 
or  Weft  ;  thefe  Courfes,  befides  the  North  and  South  greater  Leagues,  give  leffer  Leagues 
eaftwardly  and  weftwardly,  which  muft  be  reduced  to  Degrees  of  Longitude.  But  thefe 
Leagues  were  made  neither  upon  the  Parallel  ot  Departure,  nor  upon  that  of  Arrival ;  for 
they  were  made  upon  all  the  Parallels  between  thofe  of  Departure  and  Arrival,  and  are  all 
unequal  between  themfelves,andconfequently  we  are  neceflitated  to  find  a  mean  proportional 
Parallel  between  that  of  Departure  and  that  of  Arrival,  which  for  this  reafon  is  called  a 
mean  Parallel,  and  ferves  to  reduce  Leagues  made  in  failing  a-crofs  divers  Parallels,  into 
Decrees  and  ]V;inutes  of  the  Equator. 

Now  there  are  feveral  ways  of  finding  fuch  a  mean  Parallel ;  but  I  fhall  only  fpeak  of 
that  here,  which  is  done  by  means  of  the  Scale  of  Crofs-Latitudes,  without  Calculation,  and 
is  thus  :  Let  it  be  required,  for  example,  to  find  a  mean  Parallel  between  that  of  40  deg.  and 
that  of  60  deg. 

Take,  by  means  of  a  Pair  of  Compafles,  the  middle  between  the  40^  and  60th  deg.  upon 
this  Scale,  and  the  faid  middle  Point  will  terminate  againft  the  5  ijl  deg.  which  confequently 
will  be  the  mean  Parallel  fought. 

Note,  Becaufe  this  Scale  is  in  two  Lines,  you  muft  take  the  Diftance  from  40  deg.  of  La- 
titude to  45  deg.  which  is  on  one  Side,  and  lay  it  off  upon  fome  feparate  Right  Line.  This 
being  done,  you  muft  take  the  Diftance  from  45  deg.  to  60  deg.  which  is  on  the  other  Side, 
and  join  thefe  two  Spaces  together;  then  half  of  thefe  two  Lines  being  taken  between  your 
Compafles,  you  muft  fet  one  Foot  upon  the  Number  60,  and  the  other  Point  will  fall 
upon  51  deg.  which  will  be  the  mean  Parallel  fought.  After  which,  it  will  be  eafy  to 
reduce  the  Leagues  faikd  Eaftwardly  into  Degrees  of  Longitude,  by  the  Sinecal  Quadrant, 
confidered  as  a  quarter  of  the  Meridian,  in  the  manner  as  we  have  laid  down  in  the  two 
Examples  abovementioned. 

Of  Mercator's  Charts. 

This  Figure  reprefents  a   Mercator's  Chart.     But  before  we   give  the   Conftruction  and  Fig.  2. 
Ufes  thereof,  it  is  neceflary  to  obferve  that  when  a   Ship  fails  upon  any  determinate  Point 
ef  the  Compafs,  fhe  always  makes  the  fame  Angle  with  all  the  Meridians  fhe  paifes  over  upon 
the  Surface  of  the  Terraqueous  Globe. 

If  a  Ship  fails  North  and  South,  fhe  makes  an  infinitely  acute  Angle  with  the  Meridian 
fhe  defcribes,  that  is,  fhe  runs  parallel  to  it,  or  rather  fails  upon  it. 

If  a  Ship  fails  due  Eaft  and  Weft,  fhe  cuts  all  the  Meridians  at  Right  Angles ;  for  fhe 
either  defcribes  the  Equator,  or  fome  leffer  Circle  which  is  parallel  thereto.  But  if  her 
Courfe  be  on  any  Point  between  the  North  and  Eaft,  North  and  Weft,  South  and  Eaft,  or 
South  and  Weft,  then  fhe  will  not  defcribe  a  Circle  ;  becaufe  a  Circle  drawn  oblique  to  the 

Meridians, 
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Meridians,  will  cut  all  of  them  at  unequal  Angles,  which  the  Ship  muft  not  do  while  fhe 
fails  upon  any  determinate  Point,  unlefs  North  and  South,  or  Eaft  and  Weft ;  therefore 
fhe  defcribes  a  Curve,  not  circular,  whofe  eflential  Property  is  to  cut  all  the  Meridians  at 
the  fame  Angle.  And  this  is  called  a  Loxodromick  Curve,  or  only  Loxodromy,  and  is  a 
kind  of  Spiral,  making  an  infinity  of  Revolutions  towards  a  certain  Point,  which  is  the 
Pole,  and  every  Turn  thereof  approaches  nigher  and  nigher  thereto.  A  Ship's  Courfe  then 
except  the  two  firft  abovenamed,  is  always  a  Loxodromick  Curve,  and  is  the  Hypothenufe 
of  a  Right-angled  fpherical  Triangle,  whofe  two  other  Sides  are  the  Ship's  Way  in  Lon- 
gitude and  Latitude.  Now  we  have  the  Latitude  commonly  given  by  Obfervation,  and  the 
Loxodromick  Angle  by  the  Compafs ;  therefore  by  Trigonometry  we  may  find  the  Hypothe- 
nufe, or  the  Way  that  the  Ship  has  failed,  &c. 

But  becaufe  the  Calculation  of  a  Ship's  Way  by  means  of  the  Loxodromick  Curve  is 
troublefome,  therefore  the  Ancients  fought  after  fome  Method  whereby  a  Ship's  Way  might 
be  a  ftrait  Line,  which  might  nearly  preferve  the  Property  of  the  Loxodromick  Curve, 
which  is,  to  cut  all  the  Meridians  under  the  fame  Angle.  But  they  found  this  abfolutely  im- 
poifible  upon  the  account  of  the  Meridians  not  being  parallel  between  themfelves,  as  in 
reality  they  are  not.  And  therefore  they  fuppofed  the  Meridians  to  be  parallel  ftrait  Lines; 
and  fo  from  this  fuppofition  it  follows,  that  the  Degrees  of  Longitude  unequally  diftant 
from  the  Equator,  are  of  the  fame  bignefs  ;  whereas  they  really  always  diminifh  from  the 
Equator,  in  a  certain  known  Proportion,  which  is  as  Radius  is  to  the  Sine-Complement  of 
the  Latitude.  But  to  retrieve  this  Error,  they  have  fuppofed  the  Degrees  of  Latitude, 
Which  by  the  Nature  of  the  Sphere  are  every  where  equal,  to  be  augmented  in  the  fame 
Proportion  as  the  Degrees  of  Longitude  diminifh.  And  fo  the  Inequality  which  ought  to 
be  in  the  Degrees  of  Longitude  of  different  Parallels,  is  thrown  upon  the  Degrees  of  La- 
titude in  the  manner  we  are  going  to  lay  down. 

Now  Charts  made  in  this  manner  are  called  Mercator's  Charts,  becaufe  Mercator  was  the 
firft  that  made  them  ;  and  they  are  commonly  efteemed  the  beft  :  for  by  the  Experience  of 
feveral  Ages,  it  is  found  that  Seamen  ought  to  have  very  fimple  Charts,  wherein  the 
Meridians,  Parallels,  and  Rhumb-Lines  may  be  reprefented  by  ftrait  Lines,  that  fo  they 
may  prick  down  their  Couries  eafily. 

CHAP.    IV. 
Of  the  Conftruffion  and  Vfes  of  MercatorV  Charts. 

lg" 2  TF  the  Degrees  of  Latitude  are  to  be  augmented  as  much  as  thofe  of  Longitude  are 

X  found  enlarged  by  making  them  equal  to  the  Degrees  of  the  Equinoctial,  the  Secants 
muft  be  ufed,  which  increafe  in  the  fame  Proportion  as  the  Sine-Complements  of  the  Lati- 
tudes, (which  ought  to  reprefent  the  Degrees  of  Longitude)  have  been  encreafed,  by  making 
them  equal  to  the  Radius  of  the  Equator,  becaufe  of  the  Parallelifm  of  the  Meridians  :  for 
the  Sine-Complement  of  an  Arc  is  to  Radius,  as  Radius  is  to  the  Secant  of  that 
Arc. 

As,  afluming  for  one  Degree  of  the  Equator,  and  for  the  firft  Degree  of  Latitude,  the 
whole  Radius,  or  fome  aliquot  part  thereof;  take  for  the  2d  Degree  of  Latitude,  the  Secant 
of  one  Degree,  or  a  fimilar  aliquot  part  of  this  Secant ;  and  for  the  3d  Degree  of  Latitude, 
take  the  Secant  of  two  Degrees,  or  the  fimilar  aliquot  part  thereof,  and  fo  on. 

When  a  Chart  is  to  be  made  large,  you  muft  take,  for  30  Minutes  of  Latitude,  and 
30  Minutes  of  the  Equator,  the  Radius  of  a  Circle  or  fome  aliquot  part  thereof,  for  one 
Degree  of  Latitude.  This  being  done,  you  muft  add  continually  the  Secant  of  30  min. 
for  1  v  Degree  of  Latitude,  the  Secant  of  1  Degree  for  2  Degrees  of  Latitude,  the  Secant 
of  1  7  Degree  for  27  Degrees  of  Latitude,  or  their  fimilar  aliquot  parts ;  and  fo  proceed 
on.  In  doing  of  which,  we  ufe  a  Scale  of  equal  parts,  from  which  the  Secants  as  they  are 
found  in  Tables  are  taken  off,  by  taking  away  fome  of  the  laft  Figures. 

In  thefe  Charts  the  Scale  is  changed,  according  as  the  Latitude  is;  as,  for  example,  if  a 
Ship  fails  between  the  40th  and  joth  Parallel  of  Latitude,  the  Degrees  of  the  Meridians  be- 
tween thofe  two  Parallels  will  ferve  for  a  Scale  to  meafure  the  Ship's  Way  ;  whence  it  fol- 
lows, that  there  are  fewer  Leagues  on  the  Parallels,  the  nearer  they  are  to  the  Poles,  becaufe 
they  are  meafured  by  a  Magnitude  likewife  continually  increafing  from  the  Equator  towards 
the  Poles. 

If,  for  example,  a  Chart  of  this  kind  be  to  be  drawn  from  the  40?/;  Degree  of  North 
Latitude  to  the  5; 6thy  and  from  the  6th  Degree  of  Longitude  to  the  iStb  .■  Firft  draw  the 
Line  A  B,  reprefenting  the  40th  Parallel  to  the  Equator,  which  divide  into  twelve  equal 
Parts,  for  the  1 2  Degrees  of  Longitude,  which  the  Chart  is  to  contain.  This  being  done, 
take  a  Se&or  or  Scale,  one  hundred  Parts  whereof  is  equal  to  each  of  thefe  Degrees  of  Longi- 
tude, and  at  the  Points  A  and  B  raife  two  Perpendiculars  to  A  B,  which  will  reprefent  two 
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133  7  equal  Pares  from  your  Scale,  which  is  the  Secant  of  41  deg.  30  min.  For  the 
Diftance  from  42  deg.  to  43  deg.  take  136,  which  is  the  Secant  of  42  deg.  30  min.  and 
fo  on  to  the  lad  Degree  of  your  Chart,  which  will  be  154  equal  Parts,  viz,,  the  Secant  of 
49  deg.  30  min.  and  will  give  the  Diftance  from  49  deg.  of  Latitude  to  50  deg.  and  by 
this  means  the  Degrees  of  Latitude  will  be  augmented  in  the1  fame  Proportion  as  the  Degrees 
of  Longitude  on  the  Globe  do  really  decreafe. 

Having  divided  the  Meridians,  you  may  place  the  Card  upon  the  Chart,  for  doing  of  which, 
chufe  a  convenient  Place  towards  the  middle  thereof,  as  the  Point  R,  about  which,  as  a 
Center,  defcribe  a  Circle  fo  big  that  its  Circumference  may  be  divided  into  32  equal  Parts," 
for  the  32  Points  of  the  Compafs.  Then  having  drawn  a  Line  towards  the  Top  of  the 
Chart,  parallel  to  the  two  divided  Meridians,  this  will  be  the  North  Rhumb,  and  upon  it  a 
Flower-de-luce  muft  be  put,  that  thereby  all  the  other  Rhumbs  or  Points  may  be  known,  the 
principal  of  which  ought  to  be  diftinguifhed  from  the  others  by  broader  Lines. 

After  this,  all  the  Towns,  Ports,  Iflands,  Coafts,  Sands,  Rocks,  &c.  which  form  the 
Chart,  muft  be  laid  down  upon  the  fame,  according  to  their  true  Latitudes  and  Longitudes. 
And  if  the  Chart  be  large,  there  may  feveral  Cards  be  placed  thereon,  always  with  their 
North  and  South  Lines  parallel  between  themfelves. 

The  Ufe  of  Mercator's  Charts. 

The  chief  Ufe  of  a  Sea-Chart,  is  to  find  the  Point  of  Departure  therein,  the  Point  ar- 
rived at,  the  Courfe,  the  Diftance  failed,  the  Longitude  and  the  Latitude,  as  we  (hall  now 
explain  by  fome  Examples. 

Example  I.  SuppofeaShip  is  to  fail  from  the  Ifland  de  Ouejfant,  in  48  deg.  30  min.  of 
North  Latitude,  and  13  deg.  30  min.  of  Longitude,  to  Cape  Finifler  in  Galicia,  which  is 
in  43  deg.  of  Latitude,  and  8  deg.  of  Longitude.  Now  the  Point  of  the  Compafs  che  Ship 
mull  keep  to,  as  alfo  the  Diftance  between  the  faid  two  Places  is  required.  In  order  to  do 
this,  you  muft  imagine  a  Line  drawn  from  the  Illand  de  Ouejfant  to  Cape  Finifler,  and  with 
a  Pair  of  Compafles  examine  what  Point  on  the  Chart  that  Line  is  parallel  to,  and  this 
Point,  which  is  South-Weft,  one-fourth  South,  is  that  which  the  Ship  muft  fail  on. 

But  to  find  the  Diftance  ot  the  two  Places,  take  between  your  Compafles  the  Extent  of 
five  Degrees  on  the  Meridian  againft  the  beforenamed  Courfe,  that  is,  from  the  43^  deg. 
tothe48f/>;  and  this  will  be  a  Scale  of  100  Leagues.  This  being  done,  fee  one  Foot  of 
your  Compafles  thus  opened  upon  the  Ifland  de  Ouejfant,  and  the  other  Foot  upon  the  occult 
Line  tending  to  Cape  Finifler,  making  a  little  Mark  thereon  ;  and  this  Extent  of  the  Com- 
pafles will  give  100  Leagues  of  Diftance.  Then  take  the  Diftance  from  the  aforefaid 
Mark  to  Cape  Finijler  between  your  Compafles,  and  placing  one  Foot  upon  the  43  d  deg.  of 
the  Meridian,  and  the  other  Foot  will  fall  upon  44  deg.  4?  min.  which  amounts  to  35 
Leagues ;  and  confequently  the  whole  Diftance  between  Cape  Finifler  and.  the  Illand  de  Ouejfant 
is  135  Leagues. 

Example  II.  A  Ship  failing  from  the  Ifland  de  Ouejfant  South- Weft,  one-fourth  South,  to- 
wards Cape  Fmijler,  and  the  Mafter-Pilot  having  examined  the  Force  of  the  Wind,  and  the 
Number  of  Sails  fpread,  and  knowing  by  experience  the  fwiftnefs  of  his  Ship,  has  eftimated 
her  Way  to  have  been  50  Leagues  in  20  Hours.  Now  to  find  the  Point  upon  the  Chart 
wherein  the  Ship  is,  he  muft  take  the  Extent  of  2  7  Degrees,  equivalent  to  50  Leagues, 
between  his  Compafles,  upon  the  Meridian,  from  the  46th  deg.  to  the  48  7  deg.  This 
being  done,  if  one  Foot  of  the  Compalfes  thus  opened  be  fet  upon  the  Place  of  Departure, 
the  other  Foot  will  fall  upon  the  Point  T,  the  Place  wherein  the  Ship  is,  on  the  Line  of  the 
Ship's  Way.  But  if  the  Longitude  and  Latitude  of  the  Point  T,  or  Place  wherein  the 
Ship  is,  be  fought,  he  muft  place  one  Foot  of  the  Compafles  upon  the  Point  T,  and  the 
other  upon  the  neareft  Parallel,  and  then  condud  the  Compafles  thus  opened  perpendicu- 
larly along  the  Parallel  to  the  Meridian  and  the  Degree  thereof  whereat  the  Point  of  the  Com- 
palfes comes  to,  will  be  the  Latitude  of  the  Point  T.  And  to  find  the  Longitude  of  this 
Point  he  muft  fet  one  Foot  of  the  Compalfes  therein,  and  the  other  upon  the  neareft  Me- 
ridian. Then  if  this  Foot  be  Aid  along  the  Meridian  (fo  that  a  Line  joining  the  two  Points 
be  always  parallel  to  itfelf)  to  the  divided  Parallel,  he  will  have,  upon  that  Parallel,  the 
Longitude  of  the  Point  T. 

Becaufe  Meridians  and  Parallels  are  not  drawn  a-crofs  the  Chart,  to  the  end  that  the 
Rhumb-Lines  may  not  be  confufed,  therefore  you  may  ufe  a  Ruler,  which  will  produce  the 

fame  Efleft.  . 

'  Example  III.  The  Courfe  being  given,  and  the  Latitude  by  Obfervation  ;  to  find  the 
Diftance  failed,  and  to  prick  down  the  Place  of  the  Ship  upon  the  Chart.  Suppofe  a  Ship 
departed  from  the  Ifland  de  Ouejfant  is  arrived  to  a  Place  whofe  Latitude,  by  Obfervation,  is 
found  to  be  46  Degrees  ;  take,  between  your  Compafles,  the  Diftance  from  the  46th 
Degree  of  the  Meridian  to  the  48  7,  which  is  the  Latitude  of  the  Place  of  Departure, 
over  which  48  \  Degree  and  the  Ifland  de  Ouejfant  having  laid  a  Ruler,  Aide  one  Foot  of 
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the  Compares  thus  opened  along  the  Side  of  this  Ruler,  till  the  other  Foot  interfeds  the 
Line  of  the  Ship's  Way  J  then  the  Point  of  Interferon  S  will  be  that  whereat  the  Ship 
was  at  the  Time  of  Obfervation.  Now  to  find  the  Diftance  failed,  you  mud  extend  the 
Compares  from  this  Point  S  to  the  Place  of  Departure,  and  lay  off  this  Extent  upon  the 
Meridian,  which  will  reach  from  the  4.6th  Degree  to  the  49th  ;  and  confequently  the 
Diftance  failed  will  be  60  Leagues,  allowing  20  Leagues  to  a  Degree. 

Example  IV.  The  Latitude  and  Longitude  of  a  Place  being  given,  to  find  that  Place  in 
the  Chart.  Having  placed  one  Foot  of  a  Sea-Chart  Compafs  upon  the  known  Degree  of 
Latitude,  and  the  other  upon  the  nigheft  Parallel,  you  muft  place  with  your  other  Hand 
one  Foot  of  another  Pair  of  Compafles  upon  the  known  Degree  of  Longitude  on  the  Me- 
ridian, and  the  other  Foot  upon  the  neareft  Meridian  ;  and  then  Aide  both  thefe  Pair  of 
Compafles  until  their  two  Points  meet  each  other :  for  then  the  Point  of  Concourfe  will 
be  that  fought.  This  Operation  is  very  much  ufed  by  Seamen  ;  for  the  Point  where  they 
are,  being  firft  found  by  Calculation,  or  the  Sinecal  Quadrant,  they  can  by  this  means  prick 
down  the  Place  of  the  Ship  upon  the  Chart,  and  fo  it  will  be  eafy  for  them  to  find  what 
Courfe  the  Ship  muft  fleer  to  continue  on  her  Voyage. 
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Of  the  Conftruffion  and  Ufes  of  Sim-Dials. 
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Remarks  and  Definitions  appertaining  to  Dialling. 

?i  U  N- Dials  take  their  Name  from  the  principal  Circles  of  the  Sphere  to  which 
they  are  parallel  :  as,  a  Horizontal- Dial  is  one  parallel  to  the  Horizon  ;  an  Equi- 
noctial-Dial one  parallel  to  the  Equinoctial ;  a  Vertical-Dial  one  that  is  parallel 
to  a  Vertical  Circle  ,  and  fo  or  others. 
There  are  two  forts  of  Styles  placed  on  the  Surfaces  of  D:als;  one  is  called  a 
Right  Style,  which  is  a  pointed  Iron-Rod,  that  fhews  the  Hour  or  Part  on  a  D;ai  by  the 
Shadow  of  its  Extremity  ;  and  the  other  is  called  an  oblique  or  inclined  Style,  oreffe  the 
Axis,  which  fhews  the  Time  of  Day  upon  a  Dial  by  the  Shadow  of  the  whole  Length 
thereof., 

The  Extremity  of  the  right  Style  of  any  Dial,  reprefents  the  Center  of  the  World  and 
Equator,  and  the  Plane  of  a  D.al  is  fuppofed  to  be  as  far  diflant  from  the  Center  of  the 
Earth,  as  is  the  Length  of  the  right  Style.  For  becaufe  the  Sun's  Diftance  from  the  Center 
of  the  Earth  is  fo  great,  and  the  D, (lance  of  any  Point  in  the  Earth's  Superficies  from  the 
Center  is  fo  fmall,  compared  with  the  Sun's  Diftance  ;  therefore  any  Point  on  the  Earth's 
Surface  may  without  any  fei-fible  Error  be  taken  for  its  Center  :  and  fo  the  Extremity  of 
the  Style  of  an)  Dial  may  be  taken  for  the  Center  of  the  Earth  ;  and  a  Line  parallel  to  the 
Axis  of  the  World,  which  paiTes  thro  the  Extremity  of  the  Style,  may  be  confidered  as  the 
Axs  of  the  World. 

The  Hour-Lines,  which  are  drawn  upon  Dial-Planes,  are  the  Interfe&ions  of  the  faid 
Planes  made  by  the  Hour-C  rcles  of  the  Sphere. 

'i  I  Center  of  a  Dal,  is  tne  Interferon  of  its  Surface  with  the  Axis  of  the  Dial  palling 
thro  the  Extremity  of  the  Style  parallel  to  the  Axis  of  the  World  ;  and  in  this  Center  all 
the  Hour-Lines  meet  each  other. 

All  D'al-Planes  may  have  Centers,  except  Eaft,  Weft,  and  Polar  ones ;  for  on  thefe  the 
Hour-Lines  are  all  parallel  between  themfelves. 

The  Vertical  Line  of  a  Dial-Plane,  is  a  Perpendicular  drawn  from  the  Extremity  of  the 
Sty!e  to  the  Foot  thereof;  but  the  Vertical  Line  of  the  Place  wherein  the  Dial  is,  is  a  right 
Line  perpendicular  to  the  Horizon  drawn  thro  the  Extremity  of  the  Style. 

D  als  have  likewife  two  Meridians  ;  one  of  which  is  the  fubftylar  Line  or  proper  Meri- 
dian of  the  Dial-Plane,  becaufe  its  Circle  partes  thro  the  Vertical  Line  of  the  Dial-Plane  J 
and  the  other,  which  is  the  Meridian  of  the  Place,  hath  its  Meridian  Circle  palling  thro  the 
Vertical  Line  of  the  Place. 

Vv'nen  a  Dial  declines  neither  to  the  Eaft  or  Weft,  the  fubftylar  Line,  or  Meridian  of  the 
Plane,  coincides  with  the  Meridian  of  the  Place  or  Hour-Line  of  12,  let  the  Surface  of  the 
Dial  be  Vertical,  Horizontal,  or  even  inclined  upwards  or  downwards. 

The  Horizontal  Line  of  a  D  al-Plane,  is  the  common  Se&ion  of  the  faid  Plane,  and  a 
horizontal  or  level  Line  pailing  tnro  the  Extremity  of  the  Stile ;  and  the  Equinoctial  Line  is  the 
common  Section  of  the  Dial-Plane  and  Equinoctial  Circle  :  and  this  Line  is  always  perpen- 
dicular to  the  fubftylar  Line;  and  consequently  if  the  Pofition  of  the  fubftylar  Line  be 
known,  and  a  Point  of  the  Equinoctial  Line  be  given,  we  may  likewife  have  the  Pofition  of 
the  Equino&ial  Line  :  and  contrariwife,  if  the  Equinoctial  Line   be  given,  we  may  have  the 
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fubftylar  Line,  which  is  perpendicular  thereto.  Note,  This  fubftylar  Line  rauft  pafs  thro 
the  Foot  or"  the  Style  and  the  Center  of  the  Dial. 

The  Hour-Line  of  fix  always  palTes  thro  the  Interferon  of  the  Horizontal  and  Equi- 
noctial Lines  in  declining  Dials;  and  fo  the  faid  Point  of  Interferon  is  one  Point  of  the 
Hour-Line  of  fix.  Note,  The  Point  wherein  the  Subftyle  and  Meridian  Lines  meet,  is  the 
Center  of  the  Dial. 

When  a  Dial  is  to  be  drawn  upon  a  Plane,  you  mult  firft  find  the  Pofition  of  the  faid 
Plane,  or  of  the  Wall  it  is  to  be  fet  up  againft,  with  regard  to  the  Sun  and  the  prin- 
cipal Circles  of  the  Sphere  :  And  this  may  be  done,  in  obferving  feveral  Times  the  fame 
Day  at  every  3  or  4  Hours  interval,  where  the  Shadow  of  the  Extremity  of  a  Style 
falls  upon  the  Dial-Plane  :  for  by  this  means  the  Pofition  of  the  Dial-Plane  may  be  deter- 
mined, and  afterwards  all  the  Hour-Lines,  &c.  may  be  drawn  thereon  in  the  manner 
we  fliall  hereafter  fhew.  Note,  The  Exa&nefs  of  a  Dial  very  much  depends  upon  thefe 
Points. 
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CHAP.    I. 

Of  Regular  and  Irregular  Dials,  drawn  upon  Planes  and  Bodies 

of  different  Figures. 

Plate  2->      rTn  HIS  Inftrument  reprefents  a  hollow  Body,  having  14  Planes,  upon  each  of  which  a 

Fig.  1.  "        Jw     Dial  may  be  drawn. 

The  upper  Plane  A,  is  parallel  to  the  Horizon  ;  and  fo  upon  this  a  Horizontal-Dial  is 
drawn,  as  well  as  upon  the  under  Plane  E,  whereon  the  Sun  fhines  but  a  very  little.  The 
Plane  B  is  parallel  to  the  Axis  of  the  World,  and  makes  an  Angle  of  49  Degrees  with  the 
Horizon  of  Paris ;  for  the  Latitude  of  which,  all  the  Dials  are  fuppofed  to  be  drawn.  Now 
upon  this  Plane  is  drawn  an  upper  Polar  Dial,  and  upon  the  Plane  F,  which  is  oppofite 
thereto,  is  drawn  an  under  Polar  Dial.  The  Plane  C  is  parallel  to  the  Prime  Vertical,  and 
fince  it  faces  the  South,  there  is  drawn  thereon  a  South  Vertical  Dial.  And  upon  the  op- 
polite  Plane  to  this,  which  is  towards  G,  and  faces  dire&fy  to  the  North,  is  drawn  a  Vertical 
Norcn  Dial,  which  cannot  be  reprefented  in  this  Figure. 

The  Plaie  H,  which  is  parallel  to  the  Equinoctial,  and  fo  makes  an  Angle  with  the  Ho- 
rizon of  41  deg.  i»/z,.  the  Complement  of  the  Latitude  of  Paris,  hath  an  upper  Equinoctial 
Dial  drawn  upon  it  ;  and  upon  the  oppofite  Plane  D,  is  drawn  an  under  Equinoctial  Dial. 
The  Piane  K  s  parallel  to  the  Plane  of  the  Meridian,  and  becaufe  it  dire&ly  faces  the 
Well,  a  Mer  dional  Weft  Dial  is  drawn  thereon,  and  upon  the  oppofite  Plane  to  this  is 
drawn  a  Meridional  Eaft  Dial.  The  Plane  I  makes  an  Angle  of  45  deg.  with  the  Meridian  ; 
and  therefore  there  is  drawn  upon  it  a  vertical  Decliner,  declining  Southweftwardly  45  deg. 
and  upon  the  oppofite  Plane  to  this  is  drawn  a  North-Eaft  Decliner  of  45  deg.  Finally, 
The  Plane  L  declines  North- Weft  45  deg.  and  its  Oppofite  45;  deg.  South-Eaft  >  and  fo  upon 
thefe  two  Planes  are  drawn  North-Weft  and  South-Eaft  Decliners. 

The  firft  Nine  of  the  abovementioned  Dials,  are  called  Regular  ones  ;  and  the  Four 
others,  which  decline,  are  called  Irregular  Dials. 

The  Axes  of  all  thefe  Dials  are  parallel  to  each  other,  and  to  the  Axis  of  the  World.  We 
fhall  hereafter  give  the  ConftrucYion  of  all  thefe  Dials,  as  well  as  of  thofe  on  the  following 
Inftrument,  of  which  we  are  going  to  fpeak. 

The  Conftruclion  of  Dials  drawn  upon  a  Dodecahedron. 
Fig.  2.  This  Figure  is  one   of  the  five  Regular  Bodies,  of  which  we    have  fpoken  in  the  firft 

Bock.     This  Body  is  called  a  Dodecahedron,  and  is  terminated  by  12  equal  Pentagons,  upon 
every  of  which  may  be  drawn  a  Dial,  except  on  the  unde'rmoft. 

The  Plane  A  being  Horizontal,  hath  a  Horizontal-Dial  drawn  thereon,  whofe  Hour-Line 
of  12  bifefts  one  of  the  Angles  of  the  Pentagon.  Upon  the  Plane  B,  which  faces  the 
South,  is  drawn  a  direft  South-Dial,  inclining  towards  the  Zenith,  or  upwards  53  deg. 
26  min.  The  Center  of  this  Dial  is  upwards,  and  the  fubftylar  Line  is  the  Hour-Line  of  12. 
The  oppofite  Plane  to  this,  is  a  North  vertical  one,  inclining  downwards  or  towards  the 
Nadir  63  deg.  26  min.  and  fo  there  is  drawn  thereon  a  North  inclining  Dial,  whofe  Center 
is  downwards. 

The  Dial  C,  is  a  South-Eaft  inclining  Recliner,  whofe  Declination  is  36  deg.  and  Inclina- 
tion to  the  Zenith  63  deg.  26  min.  and  its  Center  is  downwards.  The  Dial  D  is  a  North- 
Eaft  Decliner  of  72  deg.  inclining  towards  the  Nadir  63  deg.  26  min.  the  Center  being 
upwards,  and  its  oppofite  is  a  South- Weft  Decliner  of  72  min.  inclining  towards  the  Zenith 
63  deg.  26  min.  the  Center  being  downwards. 

The 
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The  Dial  E  is  a  Nortli-Eaft  Declinerof  36  deg.  and  inclines  towards  the  Zenith  63  de<*. 
16  min.  the  Center  being  downwards.  The  oppofite  Dial  to  this,  is  a  South-Weft  Declined 
or"  36  deg.  and  inclines  towards  the  Nadir  63  deg.  26  min.  its  Center  being  upwards.  Fi- 
nally, the  Dial  F  is  a  South-Eaft  Decliner  of  72  deg.  inclining  towards  the  Zenith  63  deg. 
26  min.  the  Center  being  downwards  ;  and  its  oppofite  is  a  North-Weft  Decliner  of  72' 
deg.  inclining  towards  the  Nadir  63  deg.  26  min.  the  Center  thereof  being  upwards. 

All  thefe  Dials  are  furniftied  with  their  Axes,  which  are  parallel  between  themfelves,  and 
to  the  Axis  of  the  World. 

Now  if  one  of  thefe  Bodies  of  Dials  be  fet  upon  a  Pedeftal,  in  a  Place  well  expofed  to 
the  Sun,  and  then  be  fet  right  by  means  of  a  Compafs  or  Meridian  Line,  drawn  in  the 
manner  we  fhall  hereafter  fhew ;  all  the  Dials  that  the  Sun  fhines  upon  will  fhew  the  fame 
Hour  or  Part  at  the  fame  time  by  the  Shadows  of  the  Styles. 

But  if  a  Dodecahedron  of  Dials  be  to  be  placed  upon  a  Pedeftal  fixed  in  a  Garden,  it 
ought  to  be  made  of  folid  Matter,  as  Stone  or  good  Wood,  well  painted  to  preferve  it 
from  Rain,  &c  therefore  it  will  be  here  neceflary  to  fhew  how  to  cut  out  a  Dodecahedron. 

Take  a  Stone  cut  out  into  a  perfect  Cube,  and  divide  each  of  the  four  Sides  of  its  Faces  Fig.  3. 
into  two  equal  Parts  by  two  Diameters  AC,  B  D.  And  at  the  Points  A  and  C,  make  the 
Angles  E  A  F,  and  HCG,  each  116  deg.  34  min.  that  is,  make  Angles  at  the  Points 
A  and  C,  on  each  fide  the  Diameter  A  C,  of  58  deg.  17  min.  each:  becaufe  all  the  Surfaces 
of  the  Dodecahedron  make  Angles  of  1 16  deg.  34  min.  with  each  other  ;  therefore  two  Faces 
thereof  being  horizontally  placed,  all  the  others  will  incline  63  deg.  26  min.  the  Complement 
of  116  deg.  34  min.  to  180  deg.  Now  the  Space  between  F  and  G,  or  E  H,  will  be  the 
Length  of  each  fide  of  the  Pentagons,  half  of  which,  n/ii.  B  F,  muft  be  taken  and  laid  off 
both  ways  from  the  Point  I  to  the  Points  Q^  and  X.  And  this  muft  be  done  upon  the  Dia- 
meters crofting  each  other  on  all  the  other  Faces  of  the  Cube.  Afterwards  the  Stone  muft 
be  cut  away  along  the  Diameters  to  the  Extremities  of  the  fides  of  the  Pentagons :  for 
example,  you  muft  cut  away  the  Stone  down  or  all  along  the  Diameter  K  M,  in  a  Right  Line 
to  the  Point  Qjn  the  firft  Surface  of  the  Cube,  as  likewife  all  along  the  Diameter  L  N 
ftrait  forwards  to  the  Point  S,  and  again  all  along  the  Diameter  B  D  dire&ly  forward  to 
the  Point  T.  And  proceeding  in  this  manner  with  the  other  Faces  of  the  Cube,  ycu  may 
compleat  your  Dodecahedron.  But  it  will  be  very  proper  for  a  Perfon  that  has  a  mind  to  cut 
out  one  of  thefe  Bodies,  to  have  a  Pafteboard  one  before  him,  thereby  to  help  his  Imagina- 
tion, that  fo  he  may  know  better  what  Angles  and  Sides  to  cut  away. 

Cylinders  may  be  cut  likewife  into  Dodecahedrons,  but  let  the  Method  above  given  fuf- 
fice. 

We  make  alfo  very  curious  Dials  on  the  Faces  of  fmall  brafs  Dodecahedrons. 

'The  ConftruEiicn  of  an  Horizontal  Dial. 
The  fourth  Figure  is  an  Horizontal  Dial :  To  make  which,  firft  draw  the  two  Lines  A  B,  Fig.  4. 
C  D,  cutting  each  other  at  Right  Angles  in  the  Point  E,  which  will  be  the  Center  of  the 
Dial,  the  Line  A  B  the  Meridian  or  Hour-Line  of  12,  and  the  Line  C  D  the  Hour-Line 
of  6.  This  being  done,  make  the  Angle  B  E  F,  49  deg.  equal  to  the  Elevation  of  the  Pole 
at  Paris  (the  Elevation  of  the  Pole  at  Paris  is  but  48  deg.  5 1  min.  but  we  neglect  the  nine 
Minutes,  as  being  but  of  fmall  Confequence  in  the  Conftruction  of  Dials)  and  the  Line 
E  F  will  reprefent  the  Axis  of  the  World.  In  this  the  Point  G  muft  be  chofen  at  pleafure, 
reprefenting  the  Center  of  the  Earth,  and  G  H  muft  be  drawn  at  Right  Angles  to  E  F, 
cutting  the  Meridian  or  Hour-Line  of  12  in  the  Point  H.  This  Line  G  H  reprefents  the 
Radius  of  the  Equinoctial.  Now  take  HG  between  your  CompafTes,  which  lay  off  from 
H  to  B  on  the  Meridian  Line,  and  draw  the  Right  Line  L  H  K  perpendicular  to  the 
Meridian,  which  will  reprefent  the  common  Section  of  the  Equinoctial,  and  the  Plane  of 
the  Dial:  then  about  the  Point  B,  as  a  Center,  defcribe  the  Quadrant  M  H,  which  divide 
into  fix  equal  Arcs,  each  of  which  will  be  15  deg.  and  draw  the  dotted  Lines  B  5,  B  4, 
B  3,  B  2,  B  1.  Thefe  will  divide  the  Line  L  H  into  the  Points  1,  2,  3,  4,  5,  thro  which 
Points,  if  Lines  be  drawn  from  the  Center  E  of  the  Dial,  you  will  have  the  Hour-Lines  of 
1,  2,  3,  4,  and  5,  on  one  fide  the  Meridian ;  and  becaufe  the  Hour-Lines  equally  diftant  on 
both  fides  from  the  Meridian  make  equal  Angles  with  the  Meridian,  therefore  if  the  Divi- 
fious  1,  2,  3,  4,  5,  on  one  fide  the  Meridian,  be  laid  off"  from  H  towards  K  on  the  other 
fide,  and  thro  the  Points  where  they  terminate  are  drawn  Lines  from  the  Center  E;  thefe 
will  be  the  Hour-Lines  of  11,  10,  9,  8,  7.  And  if  the  Hour-Lines  of  7  and  8  in  the 
Morning  are  continued  out  beyond  the  Center,  they  will  give  the  Hour-Lines  of  7  and  8  in 
the  Evening,  and  likewife  the  Hour-Lines  of  4  and  5  in  the  Afternoon  continued  out  in  the 
fame  manner  will  give  thofe  of  4  and  5  in  the  Morning.  Note,  Inftead  of  drawing  the  Qua- 
drant M  H,  we  might,  for  greater  facility,  have  only  drawn  an  Arc  greater  than  60  deg.  for 
then  if  an  Arc  of  60  deg.  had  been  taken  upon  it  from  the  Point  PI,  by  means  of  its  Chord, 
which  is  equal  to  Radius,  and  the  faid  Arc  had  been  divided  in  four  equal  Arcs,  each  of 
15  deg.  and  another  Arc  of  15  deg.  had  been  added  to  that  of  60  deg.  for  the  Hour  of  j, 
we  might  have  drawn  the  Lines  B  1,  B  2,  B  3,  &c.  as  we  have  already  done. 

I  i  i  \  Now 
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Now  to  draw  the  Half-hours,  you  mad  bifed  each  of  the  Arcs  of  15  deg.  on  the  Qua- 
drant M  H,  in  order  to  have  Arcs  of  7  deg.  30  min.  and  for  the  Quarters,  each  of  thefe 
laft  Arcs  muft  be  again  bifected  ;  and  rhro  each  Point  of  Divifion  occult  Lines  mail  be 
drawn  from  the  Center  B,  cutting  the  Equinoctial  Line  K  L.  Then  if  the  Edge  of  a  Ruler 
be  laid  thro  thefe  Points  of  Concourfe  and  the  Center  E  of  the  Dal,  the  Haifs  and  Quarters 
cf  Hours  may  be  drawn. 

The  Hour-Lines  being  drawn  upon  your  Dial,  you  may  give  it  what  Figure  you  pleafe,  as 
a  Parallelogram,  regular  Pentagon,  &c. 

This  Dfal  being  fixed  upon  a  very  level  Plane,  that  is,  fet  parallel  to  the  Horizon,  expofed 
to  the  Sun,  and  its  Hour-Line  of  12  placed  exactly  North  and  South  ;  as  alfo  the  Style  or 
Axis  E  HF  being  raifed  perpendicularly  upon  the  Hour-Line  of  12,  fo  as  E  F  be  parallel  to 
the  Axis  of  the  World  :  I  lay,  if  thefe  things  be  fo  ordered,  the  Shadow  of  the  Axis  or 
Style  will  fhevv  the  Hour  of  the  Day  from  Sun-rifing  to  Sun-fetting.  # 

The  ConflruBion  of  a  No,n- declining  Vertical  Dial. 
Fjgf  *#  This  Dial  is  parallel  to  the  Prime  Vertical,  which    cuts  the  Meridian   at    Right  Angles, 

and  paries  thro  the  Eaft  and  Weft  Points  of  the  Horizon.  The  Manner  of  drawing  it  is 
thus  :  Firft  draw  the  Lines  E  B  and  C  D  at  Right  Angles,  the  firft.  of  which  fhall  be  the 
Hour-Line  of  12,  and  the  other  the  Hour-Line  of  6  ;  then  make  the  Angle  B  E  F  at  the 
Point  E,  the  Center  of  the  Dial,  equal  to  the  Complement  of  the  Elevation  of  the  Pole,  which 
at  Paris  is  41  deg.  and  raife  the  Line  I  G  perpendicularly  on  the  Meridian  ;  this  will  be 
the  right  Style,  and  the  Point  I  is  the  Foot  thereof,  and  G  the  Extremity,  which,  as  above 
faid,  may  be  taken  for  the  Center  of  the  Earth:  and  this  Line  both  ways  produced,  will  be 
the  Horizontal-Line. 

From  the  Point  G,  in  the  Right  Line  E  G  F,  which  reprefents  the  Axis  of  the  World, 
raife  the  Line  G  H  at  Right  Angles  thereto,  cutting  the  Meridian  in  B.  This  Line  G  H 
fhall  reprefent  the  Radius  of  the  Equinoctial,  and  the  Line  L  H  K,  drawn  thro  the  Point 
H,  cutting  the  Meridian  at  Right  Angles,  reprefents  the  common  Section  of  the  Equinoctial 
and  the  Plane  of  the  Dial.  Now  make  H  B  equal  to  H  G,  and  about  the  Point  B,  as  a 
Center,  defcribe  the  Quadrant  cf  a  Circle  M  H,  which  divide  into  6  equal  Arcs,  each  of 
which  will  be  15  deg.  by  dotted  Lines,  dividing  the  Line  LK  into  unequal  Parts,  which 
fhall  be  the  Tangents  of  the  faid  Arcs.  Finally,  If  thro  thole  Points  of  Divifion  and  the 
Center  E,  you  draw  Lines,  they  will  be  the  Hour-Lines  on  one  fide  of  the  Meridian ;  and 
for  drawing  the  Hour-Lines  on  the  other  fide  the  Meridian,  as  alfo  the  Halves  and  Quarters 
of  Hours,"  you  muft  do  as  is  (hewn  in  the  Horizontal-Dial. 

This  Dial  is  fet  up  againft  a  Wall,  or  on  a  very  upright  Plane,  directly  facing  the  South  ; 
for  which  reafon  it  is  called  a  Meridional  Vertical  Dial :  its  Meridional  or  Hour-Line  of  12 
muft  be  perfectly  upright,  and  its  Horizontal-Line  level.  The  Center  thereof  is  upwards, 
and  its  Axis  points  towards  the  under  Pole.  The  oppofite  Dial  to  this,  is  a  Vertical  North 
one,  having  the  Center  downwards,  and  the  Extremity  of  its  Axis  pointing  to  the  upper 
Pole  of  the  World.  The  Conftruftion  of  this  latter  Dial  is  the  fame  as  that  cf  the  other, 
the  Hour-Lines  and  the  Axis  making  the  fame  Angles  with  the  Meridian,  as  they  do  on 
that.  But  the  Sun  fhines  but  a  fmall  time  upon  this  Dial,  and  this  only  in  the  Summer- 
time, viz..  in  the  Morning  from  his  rifing  till  he  has  palfed  the  Prime  Vertical,  and  in  the 
Evening  from  the  time  he  has  again  palfed  the  Prime  Vertical  till  his  fetting.  When  the  Sun 
defcribes  the  Summer  Tropick,  he  rifes  at  Paris,  at  4  in  the  Morning,  and  comes  to  the 
Prime  Vertical  between  7  and  8  in  the  Morning  ;  and  in  the  Afternoon  he  repalfes  the  Prime 
Vertical  between  4  and  5,  and  fets  at  8.  Therefore  we  need  only  draw  the  Hour-Lines 
upon  this  Dial  from  4  in  the  Morning  to  8,  and  from  4  in  the  Afternoon  to  8  ;  at  which 
time  the  Sun  fhines  upon  the  Meridional  Vertical  Dial,  but  from  about  8  in  the  Morning  to 
about  4  in  the  Afternoon.  But  when  the  Sun  by  his  annual  Motion  is  again  come  back  to 
the  Equinoctial,  he  will  not  Ihine  at  all  upon  the  Vertical  North  Dial  till  after  he  has  crofted 
the  Equinoctial  again  ;  and  all  this  time  he  will  fhine  upon  the  Meridional  Vertical  Dial  from 
his  rifing  to  his  fetting. 

The  O.nflruciion  of  a  Polar  Dial. 

The  6th  Figure  reprefents  an  upper  Polar  Dial,  which  is  one  that  inclines  upwards,  but 
does  not  decline:  for  it  is  parallel  to  the  Axis  of  the  World,  and  the  Hour-Circle  of  6y 
which  cuts  the  Meridian  at  Right  Angles.  And  for  this  reafon  the  Hour  of  6  in  the 
Morning  or  Evening  can  never  be  (hewn  by  this  Dial  ;  for  the  Shadow  of  the  Style  being 
then  parallel  to  the  Plane  of  the  Dial,  cannot  be  caft  upon  it.  This  Dial  likewife  hath  no 
Center  and  the  Hour-Lines  are  all  parallel  between  themfelves,  and  to  the  Axis  of  the 
World.  The  Plane  therefore  being  parallel  to  the  Horizon  of  a  right  Sphere,  palfes  thro  the 
two  Poles  of  the  World,  from  whence  comes  the  Name  of  a  Polar  Dial. 

The  Manner  of  drawing  this  Dial  is  thus  :  Firft  draw  the  Line  A  B  reprefenting  the 
Equinoctial,  and  I  D  at  Right  Angles  thereto,  for  the  Meridian  or  Hour-Line  oi:  12.  Then 
affume  the  Length  of  the  Style  at  pJeafure,  according  to  the  bignefs  of  the  Plane  the  Dial 
is  to  be  drawn  on  ;  let  this  be  C  D,  about  the  Extremity  of  which  D  defcribe  a  Quadrant, 

which 
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which  divide  into  fix  equal  Arcs,  (or  only  defcribe  an  Arc  of  Co  Degrees,  which  divide  into 
four  Parts,  of  i$  Decrees  each,  for  the  four  firlt  Hours  after  Noon/and  then  add  an  Arc 
of  15  Degrees  for  the  Hour  of  5.)  This  being  done,  draw  dotted  Lines  from  the  Point  D» 
thro  the  Divifions  of  the  Circumference  of  the  laid  Arc,  to  the  Line  A  B  ;  and  then  if 
Lines  are  drawn  thro  the  Points  wherein  the  dotted  Lines  cut  the  Line  A  B,  parallel  to  the 
Meridian,  thefe  Lines  will  be  the  Hour-Lines  on  one  fide  the  Meridian  :  and  if  there  be  as 
many  Parallels  drawn  on  the  other  fide  the  Meridian,  at  the  fame  Diftances  therefrom  as 
the  refpective  parallel  Hour-Lines  are  on  the  other  fide,  thefe  will  be  the  Hour-Lines  on  tli« 
other  fide  of  the  Meridian^  The  Style  of  this  Dial  mult  be  equal  in  Length  to  C  F,  the 
Diftance  from  the  Hour-Line  of  3  to  the  Hour-Line  of  12,  and  may  be  made  in  figure  of  a 
Right-angled  Parallelogram,'  as  is  that  marked  above  the  Letter  K  in  the  Figure  of  the 
Dial.  This  Style  is  fet  upon  the  Hour-Line  of  12,  which  for  this  reafon  is  called  the  Sub- 
ftylar  Line. 

If  a  fingle  Rod  only  be  ufed  for  a  Style,  as  that  which  is  in  the  Point  C  of  the  Meridian, 
then  the  Hour  will  be  fhewn  upon  this  Dial  by  the  Shadow  of  the  Extremity  of  the  Style  s 
whereas  when  a  Parallelogram  is  ufed,  we  have  the  Hour  fhewn  by  the  Shadow  of  one  of 
its  Sides,  that  is,  by  a  right  Line. 

An  upper  Polar  Dial  may  fhew  the  Hour  from  feven  in  the  Morning  to  five  in  the  After- 
noon ';  and  an  under  Polar  one  is  ufelefs,  unlefs  in  the  Summer,  wherein  the  Hour  is  fhewn 
thereby,  from  the  Sun's  riling  to  five  in  the  Morning,  and  from  feven  in  the  Evening  till  his 
fetting  :  and  fo  for  the  Elevation  of  the  Pole  of  Paris,  the  Hours  of  four  and  five  in  the 
Morning,  and  feven  and  eight  in  the  Afternoon,  are  only  fet  down  upon  this  Dial  ;  and 
thefe  may  be  drawn  as  thofe  on  the  upper  Polar  Dial,  for  the  Diftances  cf  the  Hour-Lines  of 
four  and  five  in  the  Afternoon  from  the  Subflyle,  on  the  upper  Polar  Dial,  are  equal  to  the 
Diftances  of  the  Hour-Lines  of  four  and  five  in  the  Morning  from  the  Subftyle  on  the 
under  Polar  Dial.  Underftand  the  fame  for  the  Hours  of  {'even  and  eight  in  the  Afternoon  ; 
and  therefore  there  is  no  need  of  drawing  the  figure  of  this  Dial.  Note,  The  Diftance  of 
the  Hour-Lines  on  thefe  Dials  depend  upon  the  Breadth  of  the  Style,  or  the  Diftance  of  the 
Point  D  from  the  Equinoctial  Line. 

To  fet  up  this  Dial  at  Paris,  the  Plane  thereof  mufl  make  an  Angle  of  49  deg.  with  the 
Horizon,  the  upper  one  facing  the  Sky  di redly  South,  that  fo  the  Axis  thereof  may  be 
parallel  to  that  oi  the  World,  and  the  oppofite  Dial  to  this,  $}%,.  the  under  Polar  one  faces 
downwards,  the  Morning  Hours  being  towards  the  Weft,  and  the  Afternoon  ones  towards 
the  Eaft,  on  both  the  upper  and  under  ones. 

Now  if  the  Horizontal  Line  is  to  be  drawn  upon  this  Dial,  defcribe  the  Arc  G  H, 
about  the  Point  F,  the  Extremity  of  the  Style,  equal  to  tne  Elevation  of  the  Pole,  wi,, 
49  deg.  for  the  Latitude  of  Paris,  and  draw  the  Right  Line  F  H,  cutting  the  Meridian  in 
the  Point  I,  thro  which  draw  the  Horizontal  Line  LK,  at  Right  Angles.  Now  by  means 
of  this  Line,  we  may  know  whether  the  Dial  be  well  placed,  and  have  its  convenient  In- 
clination ;  for  if  the  Dial  be  inclined  rightly,  a  Plane  laid  along  the  Horizontal  Line,  and 
fupported  by  the  Edge  of  the  Style,  will  be  level  or  parallel  to  the  Horizon. 

A  Polar  Dial  in  a  right  Sphere  is  parallel  to  the  Horizon,  and  in  a  parallel  Sphere  it  is 
vertical  or  upright. 

'The  Cbnjlruftiw  of  an  EquinoEiial  Dial. 

An  upper  Equinoctial  Dial  fhews  the  Hour  but  only   fix  Months  in  the  Year,  viz,,  from  Fig,  7. 
the  Vernal  Equinox  to  the  Autumnal  one ;  and  the  oppofite  Dal  to  this,  which  is  an  under   -=^ 
Equinoctial  one,  fhews  the  Hour  during  the  other  fix  Months  of  the  Year,  viz,,  from   the 
Autumnal  Equinox  to  the  Vernal  one. 

The  Plane  of  this  Dial  is  parallel  to  the  Equinoctial  Circle,  and  is  cut  at  Right  Angles 
through  tiie  Center  thereof  by  the  Axis  of  the  World. 

The  Construction  of  this  Dial  is  thus  :  Draw  two  Right  Lines  A  H,  and  E  D,  croiling 
each  other  at  Right  Angles,  the  firft  of  which  lhall  be  the  Hour-Line  of  12,  and  the 
other  the  Hour-Line  of  6  ;  then  about  the  Point  A  of  Interferon  defcribe  a  Circle,  each 
quarter  of  which  divide  into  fix  equal  Parts,  thro  which,  if  ftrait  Lines  be  drawn  from  the 
Center  A,  thefe  Lines  will  be  the  Hour-Lines,  becaufe  they  each  make  equal  Angles  of 
15  deg.  and  if  each  of  thefe  Angles  be  halved  and  quartered,  the  halves  and  quarters  of 
Hours  will  be  had. 

The  Conftruction  of  an  under  Equinoctial  Dial  is  the  fame  as  of  an  upper  one  ;  and  in  a 
parallel  Sphere,  viz,,  where  the  Pole  is  in  the  Zenith,  there  is  but  one  Equinoctial  Dial,  which 
will  likewife  be  there  an  Horizontal  one.  And  in  a  right  Sphere,  viz,,  where  the  two  Poles 
are  in  the  Horizon,  thefe  Dials  are  non-declining  Vertical  ones,  and  are  fet  up  againft 
Walls,  one  of  which  faces  the  North  Pole,  and  the  other  the  South  Pole,  the  Sun  fhining 
upon  each  fix  Months  in  the  Year.  But  in  an  oblique  Sphere,  as  that  which  we  inhabit, 
thefe  Dials  are  inclined  to  the  Horizon,  and  make  an  Angle  therewith  equal  to  the  Comple- 
ment of  the  Latitude,  viz,,  at  Paris,  an  Angle  of  41  deg. 

The  Axis  of  an  Equinoctial  Dial  is  a  ftrait  Iron  Rod  going  thro  the  Center  of  the  Dial^ 
perpendicular  to  the  Plane  thereof,  and  parallel  to  the  Axis  of  the  World.     The  Length  of 

this 
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this  Rod  may  be  at  pleafure,  when  it  hath  no  other  Ufe  but  fhewing  the  Hour  by  the  Shadow- 
thereof  ;  but  when  the  Length  of  the  Days,  and  the  Sun's  Place  are  to  be  fhewn  thereby, 
the  faid  Rod  mull  have  a  determinate  Length,  as  we  fhall  fllew  hereafter. 

The  ConftruBion  of  Eaft  and  Weft  Dials. 
Fig.  8.  Thefe  Dials  are  parallel  to  the  Plane    of  the   Meridian  ;  one  of  which  directly  faces   the 

Eaft,  and  the  other  the  Weft.  The  8f/;  Figure  is  a  Weft  Dial,  having  the  Hour-Lines  pa- 
rallel to  each  other,  and  to  the  Axis  of  the  World,  as  in  a  Polar  D;al,  and  their  Conftru&ion 
is  nearly  the  fame  as  of  the  Hour-Lines  on  a  Polar  Dial. 

This  Dial  is  made  thus;  Firft  draw  the  right  Line  A  B,  reprefenting  the  Horizontal  Line 
and  about  the  Point  A,  aflume  the  Arc  B  C  of  a  Radius  at  pleafure  in  this  Line,  equal  to  the 
Complement  of  the  Latitude,  or  Height  of  the  Equator  above  the  Horizon,  which  at  Paris 
is  41  deg.  Then  draw  the  Line  C  D,  produced,  as  is  neceflary,  from  the  Point  C,  and 
this  Line  fhall  reprefent  the  common  Seftion  of  the  Equinoctial  and  Plane  of  the  Dial ;  after 
this,  draw  E  D  from  the  Point  D,  parallel  to  the  Equino&ial  Line,  and  this  Line  E  D  will 
be  the  Place  of  the  Subftyle,  that  is,  the  Line  on  which  the  Style  muft  be  placed  ;  as  like- 
wife  the  Hour-Line  of  fix.  Now  to  draw  the  other  Hour-Lines,  aflume  the  Point  E  at 
pleafure  on  the  fubftylar  Line,  about  which,  as  a  Center,  defcribe  an  Arc  of  60  de°-.  which 
divide  into  four  equal  Parts  for  15  deg.  each,  beginning  from  the  fubftylar  Line.  After 
this,  lay  off  as  many  Arcs  of  15  deg.  as  is  neceflary  upon  the  faid  Arc  both  ways  continued 
and  draw  dotted  Lines  from  the  Center  E  thro  all  the  Divifions  of  the  Arc  to  the  Equi- 
noctial Line  :  then  if  right  Lines  be  drawn  thro  the  Points  in  the  Equinoclial  Line,  made  by 
the  dotted  Lines,  parallel  to  the  Hour-Line  of  6,  and  perpendicular  to  the  Equinoclial 
Line  ;  thefe  Lines  will  be  the  Hour-Lines.  Note,  This  Dial  fhews  the  Time  of  Day  afcer 
"Noon  to  the  fetting  of  the  Sun ;  and  fince  the  Sun  fets  (at  Paris)  at  eight  a-Clock  in  the 
Summer,  we  have  pricked  down  the  Hour-Lines  from  one  to  eight  in  this  Dial,  as  appears 
per  Figure. 

The  Conftrudion  of  an  Eaft  Dial  is  the  fame  as  of  this  ;  and  there  are  pricked  down  the 
Hour-Lines  upon  it  from  the  Sun's  fifing  in  Summer,  viz,,  from  four  in  the  Morning  to 
eleven.  The  reafon  that  the  Hour-Line  of  twelve  cannot  be  drawn  upon  thefe  Dials, 
is,  becaufe  when  the  Sun  is  in  the  Meridian,  his  Rays  are  parallel  to  their 
Planes. 

If  a  Weft  Dial  be  drawn  upon  a  Sheet  of  Paper,  and  then  the  faid  Paper  is  rendered 
Tranfparent  by  oiling,  you  will  perceive  thro  the  backfideof  the  Paper  an  Eaft  Dial  drawn 
entirely  ;  only  the  Figures  of  the  Hours  muft  be  altered,  that  is,  you  muft  put  1 1  in  the  place 
of  1 ;   10  in  the  place  of  2  ;  and  fo  of  others. 

The  Style  of  thefe  Dials  is  a  Brafs  or  Iron  Rod,  in  Length  equal  to  E  D,  which  is  like- 
wife  equal  to  the  Diftance  of  the  Hour  of  3  from  the  Hour  of  6.  This  Style  is  fet  upright 
in  the  Point  D,  and  fhews  the  Hour  by  the  Shadow  of  its  Extremity.  Thefe  Dials,  which 
may  have  likewife  a  Style  in  figure  of  a  Parallelogram,  as  we  have  mentioned  in  fpeaking  of 
Polar  Dials,  are  fet  upright  againft  Walls  or  Planes,  perpendicular  to  the  Horizon,  and  pa- 
rallel to  the  Meridian,  one  of  which  directly  faces  the  Eaft,  and  the  other  the  Weft,  in  fuch 
manner,  that  the  Horizontal  Line  be  perfectly  level. 

'the  Conftruclion  of  Vertical  Declining  Dials. 

A  Vertical  Dial  is  one  that  is  made  upon  a  Vertical  Plane,  that  is,  a  Plane  perpendicular 
to  the  Horizon,  as  a  very  upright  Wall. 

Among  the  nine  Regular  Dials  of  which  we  have  fpoken,  there  are  four  of  them  Vertical 
ones,  which  do  not  decline  at  all,  fince  they  directly  face  the  four  Cardinal  Parts  of  the 
World.  It  now  remains  that  we  here  fpeak  of  Irregular  Dials,  fome  of  which  are  vertical 
Decliners,  others  undeclining  Decliners,  and  finally,  others  declining  Inciiners."  Vertical 
Decliners  are  of  four  Kinds  :  for  fome  decline  South-eaftwardly,  the  oppofite  ones  to 
thefe,  North-weftwardly,  others  decline  South-weftwardly,  and  the  oppofite  ones  to  thefe, 
North-eaftwardly. 

Now  among  the  Irregular  Dials,  the  vertical  Decliners  are  moft  in  ufe,  becaufe  they  are 
made  upon  or  fet  up  againft  Walls,  (which  commonly  are  built  upright)  or  elfe  upon  Bo- 
dies whole  Planes  are  upright ;  but  before  thefe  Dials  can  be  made,  the  Declinations  of  the 
Walls  or  Planes,  on  which  they  are  to  be  made  or  fet  up  againft,  muft  firft  be  known 
or  found  exaftly  :  and  this  may  be  done  by  fome  one  of  the  Methods  hereafter  men- 
tioned. 
Fig,  9.  Now  fuppofe  we  know  that  a  Plane  (as  that  marked  I  of  Figure  1.)  or  upright  Wall, 

declines  45  deg.  South-weftwardly  at  Paris,  or  thereabouts,  where  the  Pole   is  elevated  40 
deg.  above  the  Horizon.     It  is  required  to  draw  a  Dial  for  this  Declination. 

Firft,  draw  the  Lines  A  B,  CD,  crofTing  each  other  at  Right  Angles  in  the  Point  E,  the 
former  of  which  fhall  be  the  Hour-Line  of  12,  and  the  other  the  Horizontal  Line.  About 
the  Point  E,  as  a  Center,  draw  the  Arc  FN  of  45  deg.  becaufe  the  Plane's  Declination  is 
fuch,  and  fince  it  is  South-weftwardly,  the  faid  Arc  muft  be  drawn  on  the  Right-fide  of 
the  Meridian ;  but  if  the  Declination  had  been  South-eaftwardly,  that  Arc  muft  have  been 

drawn 
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drawn  on  the  Left-fide  the  Meridian.  This  being  done,  raife  the  Perpendicular  FH  from 
the  Point  F  to  the  Horizontal  Line,  that  fo  we  may  have  one  Point  of  the  Style  therein, 
viz,,  the  Foot  of  the  Style.  Then  take  the  Diflance  E  F  between  your  Con-spades,  and  lay 
it  off  upon  the  Horizontal  Line  from  E  to  O,  and  about  the  Point  O,  as  a  Center,  defcribe 
the  Arc  E  G  equal  to  the  Height  of  the  Pole,  •viz,,  in  this  Cafe  40  deg.  and  draw  the  dotted 
Line  O  A  to  the  Hour-Line  of  12  ;  then  A  will  be  the  Center  of  the  Dial  thro  which  the 
Subflyle  A  H  muil  be  drawn  of  an  indeterminate  Length.  Note,  This  Subflyle  is  one  of 
the  principal  Lines,  by  means  of  which  a  Dial  of  this  kind  is  drawn,  and  upon  which  the 
whole  exa&nefs  thereof  almoft  depends. 

Upon  the  Point  II  raife  the  right  Line  H  I  equal  to  H  F,  perpendicular  to  the  Subftyle 
A  H,  and  draw  the  right  Line  A  I,  prolonged,  for  the  Axis  of  the  Dial.  Then  let  fall  the 
Perpendicular  K  I  to  the  Axis,  cutting  the  fubflylar  Line  in  K,  and  make  K  L  equal  to 
KI,  and  draw  a  right  Line  both  ways  thro  the  Point  K,  perpendicular  to  the  Subftyle 
A  K  ;  this  will  reprefent  the  Equinoctial  Line,  and  cuts  the  Horizontal  Line  in  a  Point 
thro  which  the  Hour-Line  of  6  mufl  pafs.  Thus  having  already  the  Hour-Lines  of  12  and  6> 
if  the  Operations  hitherto  performed  have  been  done  right,  two  dotted  Lines  L  6,  and  L  N 
being  drawn,  will  be  at  Right  Angles  to  each  other.  Again,  about  the  faid  Point  L,  as  a 
Center,  defcribe  the  Quadrant  of  a  Circle  between  the  faid  dotted  Lines,  wrhofe  Circum- 
ference divide  into  6  equal  Arcs,  of  1 5  Degrees  each,  and  draw  occult  Lines  thro  the 
Points  of  Divifion  to  cut  the  Equinoctial  Line;  but  to  have  the  Morning  Hour-Lines,  and 
thofe  after  6,  prolong  the  Arc  of  the  Quadrant  both  ways,  and  lay  off  as  many  Arcs  of 
15  Degrees  upon  it,  as  is  neceffary,  that  fo  occult  Lines  may  be  drawn  from  the  Center  L 
to  cut  the  Equinoctial  Line.  Then  if  Lines  are  drawn  from  the  Center  A  thm  all  the  Points 
wherein  the  occult  Lines  cut  the  Equinoctial  Line,  thefe  Lines  thus  drawn  will  be  the  Hour- 
Lines.  Note,  There  mufl  be  but  12  Hour-Lines  drawn  upon  any  vertical  declining  Plane,  for 
the  Sun  will  (nine  on  any  one  of  them  but  12  Hours. 

Points  in  the  Horizontal  Line  D  C,  thro  which  the  Hour-Lines  mufl  pafs,  may  be  found 
otherwife,  by  applying  the  Center  of  a  Horizontal  Dial  to  the  Point  F,  in  fuch  manner, 
that  the  Meridian  Line  thereof  coincides  with  the  Line  F  E,  and  its  Hour-Line  of  6,  with 
the  Line  F  6 :  for  then  the  Points  where  the  Hour-Lines  of  the  Horizontal  Dial  cut 
the  faid  Line  DC,  will  be  die  Points  therein  thro  which  the  Hour-Lines  mufl  be  drawn 
from  the  Center  A. 

The  Hour-Lines  of  fix  Hours  fuccefilvely  being  given  upon  the  Plane  of  any  Dial  what- 
soever, the  other  Hour-Lines  may  be  drawn  after  the  following  manner  :  Suppofe,  in  this 
Example,  that  the  Hour-Lines  from  6  to  12  are  drawn  ;  now  if  you  have  a  mind  to  draw  the 
Hour-Lines  of  9,  10  and  n  in  the  Morning,  which  may  be  pricked  down  upon  this  Dial, 
draw  a  Parallel,  as  S  V,  from  the  Point  V,  taken  at  pleafure  on  the  Hour-Line  of  12,  to 
the  Hour- Line  of  <5,  which  fhall  cut  the  Hour-Lines  of  1,  2,  and  3,  in  the  Afternoon. 
This  being  done,  the  Diflance  from  V  to  the  Hour-Line  of  1  taken  on  this  Parallel,  and 
laid  off  on  the  other  fide,  will  give  a  Point  in  the  faid  Parallel  thro  which  the  Hour-Line 
of  11  mufl  be  drawn  ;  likewife  the  Diflance  V  2  will  give  a  Point  thereon,  thro  which  the 
Hour-Line  of  10  mufl  be  drawn  ;  and  the  Diflance  V  3  will  give  a  Point  thro  which  the 
Hour-Line  of  9  mufl  pafs.  And  fo  if  Lines  are  drawn  from  the  Center  of  the  Dial  A 
thro  the  faid  Points,    they  will  be  the  Hour-Lines. 

In  this  manner  likewife  may  be  found  the  Points  thro  which  the  Hour-Lines  of  7  and  8  in 
tke  Evening  are  drawn,  in  firfl  drawing  a  Parallel  to  the  Hour-Line  of  12,  cutting  the 
Hour-Line  of  6  in  one  Point,  and  meeting  the  Hour-Lines  of  4  and  5  produced;  for  the 
Diflance  from  the  Points  where  the  Hour-Lines  of  6  and  5  are  cut  by  this  Parallel,  laid  off 
on  the  other  fide  from  the  Point  where  the  Hour-Line  of  6  cuts  the  Parallel,  will  give  a 
Point  upon  it  thro  which  the  Hour-Line  of  7  mufl  be  drawn.  And  the  Diflance  from  the 
Points  where  the  Parallel  cuts  the  Hour-Lines  of  6  and  8,  laid  off  on  the  other  fide  on  that 
Parallel,  will  give  a  Point  therein  thro  which  the  Hour-Line  of  8  mull  pafs;  and  if  Lines 
are  drawn  from  the  Center  A  thro  thofe  two  Points  found,  they  will  be  the  Hour-Lines 
of  7  and  8  in  the  Evening.  This  is  a  very  good  way  of  drawing  thofe  Hour-Lines  that 
are  pretty  diflant  from  the  fubflylar  Line,  becaufe  thereby  we  avoid  cutting  the  Equinoctial 
verv  obliquely. 

The  ConftrucVion  of  a  South-Eafl  vertical  Declir.er  is  the  fame  as  of  that  which  we  have 
defcribed,  excepting  only  that  what  was  there  made  on  the  Right  mufl  here  be  on  the  Left, 
and  the  Figures  for  the  Morning  Hours  fet  to  thofe  for  the  Afternoon  :  fo  that  if  a  South- 
V/eft  declining  Dial  be  drawn  upon  a  Sheet  of  Paper,  and  afterwards  the  Paper  be  oiled, 
that  you  may  fee  thro  it,  you  will  fee  a  South-Eafl  Decliner  thro  the  Paper ;  only  the  Fi- 
gures fet  to  the  Hour-Lines  mufl  be  altered  ;  as,  where  the  Figure  of  1  (lands,  you  mufl  fet 
11  ;  where  the  Figure  of  2,  10  ;  where  the  Figure  of  3,  9  ;  and  fo  on.  By  this  means  the 
fubflylar  Line,  which  falls  between  the  Hour-Lines  of  3  and  4  Afternoon,  in  Figure  9, 
will  fall  in  this  Dial  between  8  and  9  in  the  Morning.  And  if  the  Plane's  Declination  had 
been  lefs  than  45  deg.  the  Subflyle  would  have  fallen  yet  nearer  to  the  Meridian  :  but  if,  on 
the  contrary,  the  Declination  thereof  had  been  greater,  the  Subflyle  would  have  fallen 
more  diflant  from  the  Meridian,  and  pretty  near  the  Hour-Line  of  6.     But   when  this 
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happens,  the  Hour-Lines  fall  fo  clofe  together  near  the  Subftyle,  that  we  are  obliged  to 
make  the  Model  of  a  Dial  upon  a  very  large  Plane,  that  fo  the  Hour-Lines  may  be  very 
lon^,  and  the  part  of  the  Dial  towards  the  Center  taken  away. 

After  the  abovenamed  manner,  likewife  may  be  drawn  North-Eaft  and  North-Wen;  Dials ; 
but  thefe  have  their  Centers  downwards  underneath  the  Horizontal  Line,  and  properly  are 
no  other  but  South-Eaft  or  South-Weft  Decliners  inverted,  as  may  be  feen  in  Figure  10, 
which  reprefents  a  North-Welt  Decliner  of  45  deg.  drawn  for  the  Plane  L  of  Figure  1. 
and  the  fubftylar  Line  of  this  Dial  muft  be  between  the  Hours  of  8  and  9  in  the  Evening 
whence  one  Decliner  only  may  ferve  for  drawing  four,  if  they  have  an  equal  Declination,  tho 
to  different  Coafts ;  two  of  which  will  have  their  Centers  upwards,  and  the  other  two 
their  Centers  downwards. 

To  draw  the  Subflylar  Line  upon  a  Plane  by  means  of  the  Shadow   of  the  Extremity  of  an  Iron- 
Rod,  obferved  twice  the  fame  Day. 

Suppofe  the  Subftylar  Line  is  to  be  found  on  the  Decliner  of  Figure  9,  firft  place  obliquely 
upon  the  Dial-Plane,  a  Wire  or  Iron  Rod,  fharp    at  the  end,  fo  that  the  Extremity  thereof 
be  perpendicularly  over  the  Point  H   in   the   Plane.     This   may    be   done   by  means  of  a 
Square. 
Fig-  9-  Now  fince  this  Figure  is  a  South-Weft  vertical  Decliner,  therefore  the   Subftylar  Line 

thereon  muft  be  found  among  the  Afternoon  Hours,  to  the  Right-hand  of  the  Meridian  ; 
and  confequently,  let  us  fuppofe  the  Shadow  of  the  Extremity  of  the  Iron-Rod  at  the 
rirft  Observation  to  fall  on  the  Point  P  ;  then  about  the  Point  H,  the  Foot  of  the  Style, 
with  the  Diftance  H  P,  defcribe  the  circular  Arc  P  R.  Tnis  being  done,  fome  Hours  after 
the  firft  Obfervation  the  fame  Day,  obferve  when  the  Shadow  of  the  Extremity  of  the  Rod 
falls  a  fecond  time  upon  the  aforefaid  Arc,  which  fuppofe  in  the  Point  Q  :  then  if  the  Arc 
P  Q_  be  bifected  in  the  Point  R,  and  a  Right-line  be  drawn  thro  the  Points  R  and  H  ;  this 
Line  will  be  the  Subftyle,  which  being  exactly  drawn,  and  the  Height  of  the  Pole  above 
the  Horizon  of  the  Place  where  the  Dial  is  made  for,  being  otherwise  known,  it  will  not 
then  be  difficult  to  compleat  the  Dial ;  for  firft,  the  Meridian  or  Hour-Line  of  12  is  always 
perpendicular  to  the  Horizon,  in  vertical  Planes,  and  the  Point  wherein  the  Meridian  and 
Subftylar  Line  produced  meet  each  other,  (as  the  Point  A)  will*  be  the  Center  of  the  D.al. 
The  Horizontal  Line  is  a  level  Line  palling  thro  the  Foot  of  the  Style,  as  D  H  C. 

Aid  to  draw  the  Equinoctial  Line,  you  muft  firft  form  the  Triangular  Style  AH  I  on 
the  Subftyle,  whofe  Hypothenufe  A  I  is  the  Axis,  and  Side  H  I  the  right  Style  ;  then  if 
I  K  be  drawn  from  the  Point  I  perpendicular  to  the  Axis,  meeting  the  Subftylar  Line  in 
the  Point  K  ;  and  if  thro  K  a  Right  Line  M  K  N  be  drawn  at  Right  Angles  to  the  Stylar 
Line,  this  Line  will  be  the  Equinoctial,  and  the  Point  wherein  it  cuts  the  Horizontal  Line 
v  ill  be  always  the  Point  thro  which  the  Hour-Line  of  6  muft  pafs.  Moreover,  the  Diftance 
K  L,  laid  oft"  on  the  Stylar  Line,  will  give  the  Point  Lthe  Center  of  the  Equinoctial  Circle. 
Now  what  remains  to  be  done,  may  be  compleated  as  before  explained;  and  even  the  whole 
Dial  may  be  drawn  in  one's  Room,  atter  the  Pofitions  and  Concourfes  of  the  principal  Lines 
are  laid  off  upon  a  Sheet  of  Paper,  and  the  Angle  which  the  Subftylar  Line  makes  with  the 
Meridian  or  Horizontal  Line  be  taken  ;  for  one  is  the  Complement  of  the  other. 

Now  to  prove  whether  the  Equinoctial  Line  be  drawn  right,  make  the  Angle  B  A  O  equal 
to  the  Complement  of  the  Elevation  of  the  Pole,  nriz,.  41  deg.  for  the  Latitude  of  Paris, 
draw  the  Line  A  O  to  the  Horizon,  and  make  the  Angle  A  O  N  a  Right  one,  that  fo  the 
Point  N  may  be  had  in  the  Meridian  or  Hour-Line  of  12,  thro  which  the  Equinoctial  Line 
muft  pafs.  Thus  having  feveral  Ways  for  finding  the  principal  Points,  one  of  them  will  ferve 
to  prove  the  other. 

\\  hen  a  Dial  Plane  declines  South-eaftwardly,  the  Subftylar  Line  will  be  on  the  right  Side 
of  the  Meridian.  In  which  Cafe  it  is  proper  to  take  notice,  that  in  finding  the  Subftylar 
Line,  as  above,  to  obferve  when  the  Shadow'  of  the  Extremity  of  the  Rod  falls  upon  the 
Plane,  as  foon  as  the  Sun  begins  to  fhine  thereon ;  as  likewile  to  mind  the  Time  very 
exactly  when  the  Shadow  of  the  Extremity  of  the  Style  comes  again  to  touch  the  circular  Arc ; 
you  may  operate  in  this  manner  feveral  Days  fucceffively,  in  order  to  fee  whether  the  Pofition 
of  the  Subftylar  Line  has  been  found  exactly. 

When  a  Plane  declines  North-Eaft  or  North- Weft,  the  Shadows  of  the  Extremity  of  the 
Iron  Rod  fall  above  the  Foot  of  the  Style,  and  fo  the  Center  of  the  Dial  muft  be  down- 
wards. Likewife  the  moft  proper  Time  for  making  thefe  Operations  is  about  15  Days  be- 
fore or  after  the  Solftices,  for  when  the  Sun  is  near  the  Equinoctial,  his  Declination  is  too 
fenfible.  and  the  Operations  lefs  exact.  Neverthelcfs  the  EquinoCtial  Line  may  be  drawn  up- 
on a  Piane,  when  the  Sun  is  in  the  Equinoctial  Points,  and  by  that  means  a  vertical  declining 
Dial  conftructed,  by  the  following  Method. 

To  draw  the  EjuinoSlial  Line  upon  a  vertical  Plane  by  means  of  the  Shadow  of  the  Extremity  of 

an  Iron-Rod. 
The  moft  fimple  and  eafy  Method  to  draw  the  Equinoctial  Line  upon  a  Wall  or  Plane,  is 
at  the  Time  when  the  Sun  is  in  the  Equinoctial,  (tho  this  may  be  done  Sc  any   oilier 

Time 
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Time  by  more  complicated  Methods)  for  when  the  Sun  defcribes  the  Equinoaial  by  his 
diurnal  Motion,  the  Shadows  of  the  Extremity  of  the  Iron-Rod  or  Style,  will  all  fall  upon  a 
Plane  in  a  right  Line,  which  is  the  common  Section  of  Me  Equinoctial  Circle  of  the  He'avcas 
and  the  Plane.  Therefore  if  feveral  Points,  pricked  down  upon  a  Plane,  made  by  the  Sha- 
dow of  the  Extremity  of  the  Rod,  on  the  Day  the  Sun  is  in  the  Equator,  be  joined,  the 
right  Line  joining  them  will  be  the  Equinoctial  Line,  as  the  Line  M  N,  in  Figure  9.  This 
being  done,  draw  the  right  Line  AHL  thro  the  Foot  of  the  Style  at  Right  Angles'  to  the 
Equinoctial  Line,  and  this  will  be  the  Subftylar  Line  :  Moreover,  draw  the  level  Line  D  H  C 
thro  the  Foot  H  of  the  Style  ;  this  will  be  the  Horizontal  Line ;  and  if  H  I  be  drawn  equal 
to  the  Height  of  the  right  Style,  and  parallel  to  the  Equinoctial  Line  and  the  Points  K  and  L 
joined  ;  and  it  A  I  be  drawn  at  Right  Angles  to  K  I,  then  the  Point  A  will  be  the  Center 
of  the  Dial,  and  the  upright  Line  A  B  the  Meridian  or  Hour-Line  of  12.  The  common 
Section  of  the  Equinoctial  and  Horizontal  Lines,  will  likewife  be  the  Point  thro  which  the 
Hour-Line  of  6  mull:  pais,  and  confequently  wherewith  the  Dial  may  be  finifhed.  Note 
The  Angle  H  F  E  will  be  the  Plane's  Declination. 

To  draw  a  Dial  upon  a  Vertical  Plane  by  means  of  the  Shadow  of  the  Extremity  of  an  Iron-Rod 

or  Style  obferved  upon  the  Plane  at  Noon. 

A  Style,  as  H  I,  (Vide  Figure  9.)  being  fet  up  on  a  Wall  or  Dial  Piane,  whofe  Foot 
is  H,  and  Extremity  I ;  and  it  you  know  by  any  means  when  it  is  Noon,  which  may  be 
known  by  a  Meridian  Line  drawn  upon  a  Horizontal  Plane,  as  we  fhall  mention  hereafter, 
note  where  the  Extremity  of  the  Shadow  of  the  Style  H  I  falls  upon  the  Plane  at  Noon, 
which  fuppofe  in  the  Point  N,  and  thro  this  Point  draw  the  Perpendicular  A  N  B,  which 
confequently  will  be  the  Meridian  of  the  Place  or  Hour-Line  of  12  ;  then  draw  the  level 
Line  C  H  D,  cutting  the  Meridian  at  Right  Angles  in  the  Point  E  ;  this  will  be  the  Hori- 
zontal Line.  Again,  Draw  H  F  equal  in  Length  to  the  right  Style  H  I,  and  parallel  to  the 
Meridian  ;  then  take  theHypothenufe  E  F  between  your  Compailes,  and  lay  it  off  upon  the 
Horizontal  Line  from  E  to  O,  and  make  the  Angle  E  O  A  equal  to  the  Elevation  of  the 
Pole,  viz,.  40  deg.  and  then  the  Point  A  will  be  the  Center  of  the  Dial. 

Likewife  make  the  Angle  E  O  N,  underneath  the  Horizontal  Line,  equal  to  the  Comple- 
ment of  the  Elevation  of  the  Pole,  viz,.  41  deg  and  the  Point  N  on  the  Meridian  Line  will 
be  that  thro  which  the  Equinoctial  Line  mull  pafs.  Then  if  the  right  Line  AHK  be 
drawn  thro  the  Center  A,  and  the  Foot  of  the  Style  H,  this  will  be  the  Subftylar  Line  ; 
and  if  a  Perpendicular  be  drawn  thro  the  Point  N  to  this  Line,  the  faid  Perpendicular  will 
be  the  Equinoctial  Line.  Thus  having  found  the  principal  Lines  of  the  Dial,  you  may  com- 
pleat  it  by  the  Methods  before  explained. 

This  Method  of  drawing  a  Dial  at  any  Time  of  the  Year,  by  means  of  the  Shadow  of  the 
Extremity  of  the  Style  H  I  obferved  at  Noon,  may  ferve,  when  it  is  not  poffible  to  find  the 
Subftylar  Line  by  the  Obfervations  of  the  Shadows  of  the  Extremity  of  an  Iron-Rod  or 
Style,   which  happens  when  Planes  decline  confiderably  Eaftwards  or  Weftwards. 

There  are  feveral  other  Methods  of  drawing  Vertica'  Dials  on  Walls  or  Planes  :  but  thofe 
would  take  up  too  much  time  to  mention  in  this  fmall  Treatife,  wherein  we  have  only  laid 
down  the  moft  fimple  and  eafy  Methods  of  drawing  Vertical  Dials.  And  in  order  to  draw 
Dials  more  exactly,  we  fhall  hereafter  lay  down  Rules  for  calculating  the  Angles  the 
Hour-Lines  make  at  the  Centers ;  and  fo  the  other  Methods  may  be  verified  by  thefe 
Rules. 

The  ConftruElion  of  Non-declining  inclining  Dials. 

The  Inclinations  of  thefe  Dials  are  the  Angles  that  their  Planes  make  with  the  Horizon, 
and  forne  of  them  face  the  Heavens,  and  others  the  Earth.  There  are  likewife  two  Kinds 
of  them  with  regard  to  the  Pole ;  and  two  other  Kinds  with  regard  to  the  Equi- 
noctial. 

If  a  Plane  facing  the  South  hath  an  Inclination  towards  the  North,  this  Inclination  may  pj„  n    r. 
be  lefs  or  greater  than  the  Elevation  of  the    Pole  ;  for  if  the   Inclination   be  equal    to   the 
Elevation  of  the  Pole,  this  Dial-Plane  will  be  an  upper  or  under  Polar  one,  whole  Conflruc- 
tion  we  have  already  laid  down. 

If  the  Inclination  be  lefs  than  the  Elevation  of  the  Pole,  which  at  Paris  is  nearly  49  deg. 
and  you  would  make  a  Dial  upon  a  Plane  facing  the  South,  having  30  deg.  of  Inclination 
towards  the  North,  fubftrad  30  deg.  from  49  deg.  and  the  Remainder  19  deg.  will  be  the 
Height  of  the  Axi3  or  Style  above  the  Plane.  Then  if  a  Horizontal  Dial  be  made  upon  this 
Plane  for  the  Latitude  of  19  deg.  in  the  manner  we  have  already  laid  down,  we  fhall  have 
an  Ihclini  r  of  30  deg.  drawn,  becaufe  the  faid  Plane  thus  inclined  is  parallel  to  the  Horizon 
of  thofe  PTac  :s  where  the  Pole  is  elevated  19  deg.  and  confequently  this  niuft  be  a  Horizon- 
tal Dial  for  thofe  Places.  The  Center  of  this  Dial  is  downwards,  underneath  the  Equi- 
noctial Line,  and  the  Morning  Hour-Lines  on  the  Left,  and  the  Afternoon  ones  on  the  R.  ighf> 
Jiand  of  thofe  looking  at  them. 

The  under  cppafite  Dial  to  this,  which  faces  towards  the  North,  is  the  fame  as  the  upper 
one   facing  towards   the   South,    excepting  only  that  the  Center  is  upwards  above  the 

Equinoctial 
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Equinoctial  Line,  and  the  Morning  Hour-Lines  on  the  Right,  and  the  Afternoon  ones  on  the 
Left-hand. 

It"  the  Inclination  of  the  Plane  be  greater  than  the  Elevation  of  the  Pole,  fuppofe  at 
Paris,  and  it  be  63  deg.  fubftract  the  Elevation  of  the  Pole  49  deg.  from  53  deg.  and  the 
Remainder  will  be  14  deg.  and  then  make  an  Horizontal  Dial  for  this  Elevation  of  14  deg. 
and  you  will  have  an  Incliner  of  63  deg.  the  Center  ot  the  upper  Plane  facing  towards  the 
South,  is  upwards  above  the  Equinoctial  Line,  the  Morning  Hour-Lines  on  the  Left-hand 
thofe  of  the  Afternoon  towards  the  Right ;  and  in  the  oppofite  under  Plane  facing  towards 
the  North,  the  Center  is  downwards,  the  Morning  Hours  on  the  Right,  and  thofe  of  the 
Afternoon  on  the  Left,  as  may  be  feen  in  Figure  1 1  and  12. 

If  the  Plane  faces  the  North,  and  inclines  Southwards,  the  Inclination  thereof  may  be 
lefs  or  greater  than  that  of  the  Equinoctial  ;  for  if  it  be  equal,  we  need  only  make  an  upper 
or  under  Equinoctial  Dial  thereon,  which  is  a  Circle  divided  into  24  equal  Parts,  as  is  above 
directed  in  lpeaking  of  Regular  Dials. 

If  the  Inclination  be  lefs  than  the  Elevation  of  the  Equinoctial,  as,  fuppofe  a  Plane  at 
Paris  inclines  30  deg.  Southwardly,  add  the  30  deg.  of  Inclination  to  49  deg.  the  Height  of 
the  Pole,  and  make  an  Horizontal  Dial  for  the  Elevation  of  79  deg.  and  your  Dial  will  be 
drawn  :  the  Center  of  the  upper  Dial  facing  Northwardly,  will  be  upwards,  the  Morning 
Hour-Lines  on  the  Right-hand,  the  Afternoon  ones  on  the  Left ;  and  on  the  oppofite  under 
Dial  to  this,  the  Center  will  be  downwards,  the  Morning  LIcur-Lines  on  the  Left,  and  the 
Afternoon  ones  on  the  Right-hand. 

Finally,  If  the  Inclination,  which  fuppofe  60  deg.  be  greater  than  the  Height  of  the 
Equinoctial,  add  the  Complement  of  the  Inclination,  which  is  30  deg.  to  the  Elevation  of 
the  Equinoctial,  which  is  41  deg.  at  Paris,  and  the  Sum  is  71  deg.  and  make  an  Horizontal 
D;al  for  this  Elevation  of  the  Pole.  The  Center  of  the  upper  one  of  thefe  Dials  is  down- 
wards, the  Morning  Hour- Lines  on  the  Right-hand,  and  the  Center  of  the  oppofite  under 
Dial  is  upwards,  and  the  Morning  Hour-Lines  on  the  Left-hand. 

Note,  The  Meridian  or  Hour-Line  of  12,  is  the  Subftylar  Line  of  all  Non-declining  in- 
clining Dials,  partes  thro  their  Centers  at  right  Angles  to  the  Hour-Lines  of  5,  and  may  be 
drawn  by  means  of  the  Shadow  of  a  Plumb-Line  parting  thro  their  Centers. 

There  ought  to  have  been  eight  Figures  to  reprefent  all  thefe  different  Dials,  viz,,  four 
for  the  upper  ones,  and  four  for  the  under  ones  ;  but  fince  they  are  not  difficult  to  be  con- 
ceived or  drawn,  we  have  only  reprefented  two  of  them,  with  refpect  to  the  Dodecahedron 
on  which  we  place  them. 

7*be  ConftruElion  of  Declining  inclining  Dials. 

The  Declination  of  a  Dial  is  the  Angle  that  the  Plane  thereof  makes  with  the  Prime  Ver- 
tical ;  and  its  Inclination  is  the  Angle  made  by  the  Plane  thereof  with  the  Horizon  :  both  of 
which  we  fhall  fhew  how  to  find  hereafter. 

Now  fuppofe,  for  example,  that  a  Dial  is  to  be  drawn  upon  a  Plane  declining  35  deg. 
South-eaftwardly,  and  inclining  63  deg.  26  min.  towards  the  Earth,  as  does  the  Plane  C  on 
the  Dodecahedron  of  Figure  2. 

But  before  we  fhew  how  to  draw  this  Dial,  you  muft  flrft  obferve  that  the  Horizontal 
Line,  which  partes  thro  the  Foot  of  the  Style  in  Vertical  Dials,  muft  in  no  wife  pafs  thro  it 
in  inclining  Dials  ?  for  in  upper  Incliners  facing  the  Heavens,  this  Line  muft  be  drawn 
above  the  Foot  of  the  Style,  and  in  under  Incliners,  facing  the  Earth,  below  the  Foot  of  the 
Style.  Secondly,  The  Meridian  or  Hour-Line  of  12,  in  inclining  Dials,  does  not  cut  the 
Horizontal  Line  at  right  Angles,  as  it  does  in  Vertical  Dials,  but  muft  be  drawn  thro  two 
Points  ;  one  of  which  is  found  upon  the  Horizontal  Line  by  means  of  the  Angle  of  Decli- 
nation, and  the  other  upon  a  Vertical  Line  cutting  the  Horizontal  one  at  right 
Angles. 

This  laft  Point  in  upper  Incliners  is  called  the  Zenith  Point,  becaufe  if  the  Sun  was  in 
the  Zenith  of  the  Place  for  which  the  Dial  is  made,  the  Extremity  of  the  Shadow  of  the 
Style  would  fall  upon  that  Point,  which  confequently  will  be  underneath  the  Style  of  thefe 
Dials.  And  in  under  Incliners,  the  faid  Point  is  called  the  Nadir  Point,  becaufe  if  the  Sun 
was  in  the  Nadir,  and  the  Earth  tranfparent,  the  Extremity  of  the  Shadow  of  the  Style 
would  touch  that  Point,  which  confequently  will  be  above  the  Style,  as  in  the  propofed 
Dial. 

Thirdly,  The  Center  of  the  propofed  under  Dial  which  declines  South-eaftwardly  muft 
be  upwards,  the  Subftylar  Line  co  the  Left-hand  of  the  Vertical  Line,  and  the  Meridian 
among  the  Morning  Hour-Lines,  and  fo  on  the  Right  of  the  Vertical  Line.  The  Centers  of 
upper  Dials  declining  South-weftwardly  muft  be  likewife  upwards,  the  Subfty/ar  Line  on  the 
Right-hand  of  the  Vertical  one;  and  the  Meridian  among  the  Afternoon  Hour-Lines ;  and 
the  oppofite  upper  Dials  to  thefe,  have  their  Centers  downwards,  and  are  no  other  but  thefe 
Dials  inverted  :  and  therefore  one  of  thefe  four  Dials  is  enough  to  be  drawn. 
Fig-  J3'  In  order  for  this,  let  it  be  required  to  draw  a  Dial  upon  a  Plane  of  the  abovefaid  Decli- 

nation and  Inclination.     Firft,  Draw  the  two  Lines  A  B,  CD,  cutting  each  other  at  right 
Angles  in  the  Point  E  j  then  let  C  D  be  parallel   to.  the  Horizon,  and  upon  it  aflfume  E  F 

at 


Chap.  i.  of  Sun-Dials.  221 

at  pleafure,  for  the  Length  of  the  right  Style,  whofe  Foot  fliall  be  E,  and  Extremity  F,  and 
about  the  Center  F  dcfcribe  the  Arc  G  H,  equal  to  the  Plane's  Inclination,  viz..  62  deg.  26 
min.  and  draw  the  right  Line  A  F  ;  likewife  make  the  Angle  G  F  I  equal  to  the  Comple- 
ment of  62  deg.  26  min.  viz,.  26  deg.  34  min.  This  being  done,  the  Point  A  will  be  the 
Nadir,  and  one  Point  of  the  Meridian  Line,  and  if  a  right  Line  M  L  N  be  drawn  thro  the 
Point  L,  parallel  to  C  D,  this  will  be  the  Horizontal  Line ;  and  if  the  Diftance  L  F  be 
taken  between  your  Compafles,  and  laid  oft"  from  L  to  O,  the  Point  O  will  be  the  Center 
thro  which  Lines  may  be  drawn  dividing  the  Horizontal  Line.  Again,  About  the  Point  O 
defcribe  the  Arc  L  P  of  26  deg.  viz..  the  Plane's  Declination,  and  draw  the  Line  O  P 
cutting  the  Horizontal  Line  M  L  N  in  the  Point  12  j  then  if  a  right  Line  be  drawn  thro 
the  Nadir  A  and  this  Point  12,  thefaid  Line  A  12  will  be  the  Meridian  of  the  Dial  or 
Hour-Line  of  12  :  and  moreover,  if  an  Angle  be  made  at  the  Point  O  on  the  Left-fide  of 
the  Line  A  B,  equal  to  the  Complement  of  tne  Plane's  Declination,  which  here  is  54  deg. 
you  will  have  a  Point  on  the  Horizontal  Line  thro  which  the  Hour-Line  of  <5,  as  likewife  the 
Equinoctial  Line,  muft  pafs. 

The  next  thing  to  be  found  is  another  Point,  befides  E  the  Foot  of  the  Style,  thro  which 
the  Subftylar  Line  muft  pafs ;  and  in  order  for  this,  we  need  only  find  the  Center  of  the  Dial, 
after  the  following  manner. 

Draw  the  Line  M  R  from  the  Point  M,  (thro  which  the  Hour-Line  of  6  pafles)  at  right 
Angles  to  the  Meridian  A  12,  lay  off  the  Diftance  O  12,  from  12  to  R,  or  elfe  the  Diftance 
A  F  from  A  to  R,  draw  the  occult  Line  12  R,  and  about  the  Point  R  defcribe  the  Arc 
N  K,  of  40  deg.  viz..  the  Elevation  of  the  Pole  ;  then  if  R  K  be  drawn  cutting  the  Me- 
ridian in  the  Point  K,  this  will  be  the  Center  of  the  Dial.  After  this,  the  Subftylar  Line 
K  E  may  be  drawn  ;  and  if  the  Perpendicular  M  Q_  be  drawn  to  this  Line  thro  the  Point 
M,  the  faid  M  Q_  will  be  the  Equinoctial  Line.  Moreover,  the  Point  in  the  Meridian  Line 
thro  which  the  Equinodial  Line  muft  pafs,  may  be  found  by  making  the  Angle  N  R  Q_  of 
41  deg.  that  is,  the  Complement  of  the  Elevation  of  the  Pole. 

The  Pofitions  of  the  principal  Lines  being  thus  found,  it  will  not  now  be  difficult  to  find 
the  Points  on  the  Horizontal  or  Equinoctial  Lines  thro  which  the  Hour-Lines  muft  be  drawn; 
for  if  the  Points  are  to  be  tound  upon  the  Horizontal  Line,  you  muft  apply  the  Center  of  a 
Horizontal  Dial  to  the  Point  O,  in  fuch  manner,  that  the  Hour-Line  of  12  anfwers  to  the 
Line  O  12,  and  the  Hour-Line  of  6  to  the  Lii:e  O  6:  then  the  Points  in  the  Horizontal 
Line  M  N,  thro  which  the  other  Hour-Lines  muft  be  drawn,  may  be  determined  ealily. 
And  if  the  Points  thro  which  the  Hour-Lines  muft  pafs  on  the  Equinoctial  Line  be  to  be 
found,  you  muft  raife  the  Perpendicular  E  S  on  the  Subftyle  equal  to  E  F,  and  draw  the 
Axis  S  K. ;  and  afterwards  take  the  Diftance  T  S  between  your  Compafles,  and  lay  off  on 
the  Subftyle  from  Tto  V,  then  V  will  be  the  Center  of  the  Equinoctial  Circle,  by  means 
of  which  the  Equinoctial  Line  may  be  divided,  as  we  have  directed  in  fpeaki.ig  of  declining 
Dials,  and  the  Hour-Lines  drawn  thro  the  Center  of  the  Dial  K.  Your  Dial  being  thus 
made,  you  may  draw  a  fair  Draught  thereof,  wherein  are  only  the  principal  Lines,  and  the 
Hour-Lines,  as  may  be  feen  in  the  Pentagonal  Figure  marked  14. 

By  means  of  this  Dial  three  others  of  the  fame  Declination  and  Inclination  may  be  made. 
The  two  under  ones  declining  South-eaftwardly  and  South-weftwardly,  have  their  Centers 
upwards ;  and  the  two  upper  ones,  which  decline  North-eaftwardly  and  North-weftwardly, 
their  Centers  downwards,  and  are  only  the  two  former  D;als  inverted,  as  we  have  al- 
ready mentioned. 

The  Dial  of  Figure  15,  reprefents  that  marked  F  in  Figure  2,  and  is  an  upper  Incliner 
of  63  deg.  26  min.  declining  South-eaftwardly  72  deg.  and  may  be  drawn  by  the  abovefaid 
Method.  The  Center  of  this  Dial  is  upwards,  and  becaufe  it  has  a  great  Declination,  the 
Hour-Lines  will  fall  very  clofe  to  one  another  near  the  Subftylar  Line  ;  and  therefore  ic 
ou"ht  to  be  drawn  upon  a  large  Plane,  that  fo  the  Part  thereof  next  to  the  Center  may  be 
taken  away,  and  the  Style  and  Hour-Lines  terminated  by  two  Parallels. 

There  is  another  way  of  drawing  Mechanically  any  forts  of  Dials  whatfoever,  upon  Po- 
lyhedrons or  Bodies  of  different  Faces  or  Superficies,  without  even  knowing  the  Declina- 
tions or  Inclinations  of  the  Faces  or  Superficies,  and  that  with  as  much  exactnefs  as  by  any 
other  Methods  whatfoever.  In  order  to  do  this,  you  muft  firft  make  an  Horizontal  Dial  up- 
on one  of  the  Planes  or  Faces  that  is  to  be  fet  parallel  to  the  Horizon,  and  fet  up  the  Style 
thereof  upon  the  Hour-Line  of  12,  conformable  to  the  Latitude  of  the  Place.  After  this, 
the  Subftylar  Lines  muft  be  drawn  upon  all  the  Planes  or  Faces  of  the  Polyhedron  that  the 
Sun  can  fhine  upon,  that  fo  Brafs  or  Iron  Styles,  proportioned  to  the  bigneffes  of  the  Pianes 
or  Faces,  may  be  fixed  upon  them  perpendicularly  in  fuch  manner,  that  the  Axes  or  upper 
Edges  of  the  faid  Styles  be  parallel  to  the  Axis  of  the  Horizontal  Dal.  This  may  be  done 
in  filing  them  away  in  right  Lines  by  degrees,  until  their  Axes,  being  compared  with  the 
Axis  of  a  large  Style  fimilar  to  that  of  the  Horizontal  Dial  placed  level,  (or  held  up  fo  that 
its  Bafe  be  parallel  to  the  Horizon,  by  means  of  a  Thread  and  Plummet  hung  to  the  Top  of 
the  Style)  appear  in  a  right  Line  with  the  Axis  of  the  faid  Style. 

Things  being  thus  ordered,  fet  your  Polyhedron  in  the  Sun,  and  turn  it  about,  making 
the  Shadow  of  the  Axis  of  the  Horizontal  Dial  fall  upon  each  Hour-Line  thereof  fucceffively, 

LI!  and 
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and  if  at  each  of  the  refpe&ive  Times  right  Lines  be  drawn  along  the  Shadows  of  the  Axes 
of  the  Styles  of  the  other  Faces  of  th  e  Body  upon  the  faid  Faces,  thefe  v.  ill  be  the  fame 
Hour-Lines  upon  each  of  the  Faces  of  the  Body,  that  the  Shadow  of  the  Style  of  the  Hori- 
zontal Dial  fell  upon,  on  the  Horizontal  Dial.  For  example  ;  Suppofe  the  Shadow  of  the 
Axis  of  the  Horizontal  Dial  falls  upon  the  Hour-Line  of  12;  then  at  the  fame  time  draw 
Lines  along  the  Shadows  of  the  Styles  upon  the  other  Faces  of  the  Body,  and  thofe  Lines 
will  be  the  Hour-Lines  of  12  upon  the  faid  Faces:  underftand  the  fame  for  others. 
This  may  be  done  likewife  in  the  Night,  by  the  Light  of  a  Link  movred  about  the 
Polyhedron. 

There  are  great  Stone  Bodies  cut  into  feveral  Faces  placed  fometimes  in  Gardens 
having  D.als  drawn  upon  them,  according  to  theabovefaid  Method.  And  the  Edges  of  the 
Stone  which  ferve  for  Axes  to  fome  of  thefe  Dials,  mud  be  cut  fo  as  to  be  parallel  to  the 
Axis  of  the  World. 

I'he  Arithmetical  Covftr  uBion  of  Dials  by  the  Calculation  cf  Angles. 
This  Method  is  a  great  help  for  verifying  any  Operations    in  Dialling,  wherein    there  is 
great  Exactnefs  required,  and  chiefly  when  we  are  obliged  to  make  a  fmall  Mode!  for  drawing 
a  large  Dial  :  for  an  Error  almoft  infenfible  in  the  Model,  will  become  very  confiderable   in 
the  long  Hour-Lines  to  be  drawn  upon  a  large  Plane. 

In  the  Conftruction  of  Regular  Dials,  as  of  the  Horizontal  one  of  Figure  4,  the  Divifions 
of  the  Equinoctial  Line  LK,  are  the  Tangents  of  the  Angles  of  the  Quadrant  M  H,  and 
the  dotted  Lines  are  their  Secants;  and  therefore  they  may  be  pricked  down  by  means  of 
a  Scale  or  Sector,  in  fuppofing  the  Radius  H  B  100  :  for  then  the  Tangent  H  1  of  15  deg. 
will  be  tvventy-feven  of  the  faid  Parts  ;  H  2,  the  Tangent  of  30  deg.  will  be  58  ;  H  3,  the 
Tangent  of  45  deg.  (equal  to  Radius)  will  be  100  ;  H  4,  the  Tangent  of  60  deg.  will  be 
173  ;  and  H  5,  the  Tangent  of  75  deg.  will  be  373  Parts.  The  Divifions  on  the  other  half 
of  this  Line  lor  the  Morning  Hour-Lines  are  the  fame. 

The  Divifions  for  the  halves  and  quarters  of  Hours  may  be  found  likewife  upon  the 
Equinoctial  Line,  by  afluming  the  Tangents  of  the  correfpondent  Arcs,  which  may  be 
taken  from  printed  Tables  of  natural  Tangents,  but  from  the  Table  of  Secants  we  can 
deduce  fome  Abbreviations.  For  example,  the  Line  B  4,  which  is  the  Secant  of  60  deg. 
being  double  to  Radius,  if  twice  B  H  be  laid  off  from  B  to  4,  you  will  have  the  Point  on 
the  Equinoctial  Line  thro  which  the  Hour-Line  of  4  muft  be  drawn.  The  faid  Secant  laid 
off  from  4  to  L,  will  give  likewife  the  Point  in  the  Equinoctial  Line  thro  which  the  Hour- 
Line  of  5  muff  be  drawn,  &c. 

The  Points  thro  which  the  half  Hours  mufl  pafs,  may  be  found  by  means  of  the  Secants 
of  the  odd  Hours.  For  example,  the  Secant  B  3,  laid  off  at  the  Point  3  on  the  Equinoctial 
Line,  will  fall  on  one  fide  upon  the  Point  for  half  an  Hour  pail  4,  and  on  the  other  fide, 
for  half  an  Hour  pad  10;  the  Secant  Bo,  will  give  half  an  Hour  paft  7,  and  half  an 
Hour  paft  1  ;  B  11,  will  give  half  an  Hour  paft  8,  and  half  an  Hour  paft  2  ;  B  i,  will 
give  half  an  Hour  paft  3,  and  half  an  Hour  paft  q;  B  7,  will  give  half  an  Hour  paft 
6,  and  half  an  Hour  paft  12 ;  and  laftly,  B  5  will  give  half  an  Hour  paft  11,  and  half  an 
Hour  paft  5. 

The  Divificn  of  the  Equinoctial  Line  ferves  to  make  Horizontal  and  Vertical  Dials 
exactly,  but  chiefly  the  undeclining  Regular  Dials,  viz..  the  Polar  Eaft  and  Weft  ones  : 
for  there  need  nothing  be  added  to  the  facility  of  conftructing  Equinoctial  Dials,  becaufe 
the  Angles  that  the  Hour-Lines  make  at  the  Center  of  the  Dials  are  all  equal  between 
themfelves. 

The  Angles  that  the  Hour-Lines  of  a  Horizontal  Dial  make  with  the  Meridian  in  the 
Center  of  the  Dial,  may  be  found  in  the  following  manner  by  Trigonometry.  As  Radius 
is  to  the  Sine  of  the  Elevation  of  the  Pole,  fo  is  the  Tangent  of  the  Diftance  of  any  Hour- 
Circle  from  the  Meridian,  to  the  Tangent  of  the  Angle  that  the  Hour-Line  of  that  Hour 
makes  with  the  Meridian  or  Hour-Line  of  12,  on  the  Horizontal  Dial.  For  example  ;  Sup- 
pofe the  Angle  that  the  Hour-Lines  of  1  and  11,  make  with  the  Meridian  on  a  Horizontal 
Dial  for  the  Latitude  of  49  deg.  be  required  :  form  a  Rule  of  Proportion  whofe  firft  Term 
let  be  the  Radius  100000;  the  fecond,  the  Sine  of  49  deg.  which  is  75471  ;  and  the  third, 
the  Tangent  of  1 5  deg.  (viz,,  the  Tangent  oi  the  Diftance  of  the  Hour-Circles  of  1 1  and 
1  from  the  Meridian)  which  is  26795.  Now  having  found  the  fourth  Term  20222,  feek  it 
in  the  Tables  of  Tangents,  and  you  will  find  1 1  deg.  26  min.  ftand  againft  it :  therefore  the 
Angle   that  the  Hour-Lines  of  1  or  1 1  make  with  the  Meridian,  is  1 1  deg.  26  nun. 

Thus  may  be  found  the  Angles  that  all  the  Hour-Lines,  and  half  Hour-Lines,  &c.  make 
with  the  Meridian  in  the  Center  of  a  Horizontal  Dial,  viz,,  by  as  many  Rules  of  Proportion,  as 
there  are  Hour-Lines  and  half  Hour-Lines,  &c.  to  be  drawn,  whofe  two  firft  Terms  are  {land- 
ing, to  wit,  the  Radius,  and  the  Sine  of  the  Elevation  of  the  Pole  :  and  fo  you  have  but  the 
third  Term  to  feek  in  the  Tables  ;  that  is,  the  Tangent  of  the  Hour-Circle's  diftance  from 
the  Meridian,  in  order  to  find  the  4th  Term.  You  may  take  the  Logarithms  of  thofe  Terms 
if  you  have  a  mind  to  it,  which  will  fave  the  trouble  of  Multiplying  and  Dividing. 

The 
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The  aforefaid  Analogy  may  ferve  likewife  for  Vertical  Dials,  if  the  Sine  Complement  of 
the  Elevation  ot  the  Pole,  which  is  41  deg.  about  Paris,  be   made   ufe   of  for  the  fecond 
Term  ;  becaufe  any  Vertical  Dial  at  Paris  may  be  confidered  as  an  Horizontal  one   for  the 
Latitude  of  41  deg. 

Moreover,  the  aforefaid  Analogy  holds  for  undeclining  Inclining  Dials,  if  the  Sine  of  the 
Angle  made  by  the  Axis  and  Meridian  Line  at  the  Center  of  the  Dial  be  ufed  for  the  fecond 
Term  of  the  Analogy.  For  example,  Becaufe  the  Dial  B  on  the  Dodecahedron  of  Figure  2 
inclines  63  deg.  26  min.  you  mult  fubftrad  the  Elevation  of  the  Pole,  which  is  49  deg.  from 
63  deg.  26  min.  and  then  if  you  make  an  Horizontal  Dial  for  the  Latitude  of  14  deg.  26  min. 
in  taking  14  deg.  26  min.  for  the  fecond  Term  of  the  Analogy,  you  may  calculate  the  An- 
gles that  all  the  Hour-Lines  make  with  the  Meridian  or  Hour-Line  of  12. 

A  TABLE   of  the  Angles  that  the  Hour Li n es  make  with  the  Meridian 

at  the  Center  of  an  Horizontal  T>ial. 
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Hcurs. 

j 

Latitude 

I.  ana  XL 

1  11.  and  X. 

III.  and  IX. 

IV.  and  VIII. 

V.  and  VII. 

VI.  and  VI. 

41  deg. 

9  d.  58  m. 

1  2°          45 

33             16 

48               39 

67          47 

90             00 

49  deg. 

11       20 

1  23          33 

17              3 

52               35 

70           27 

9°             00 

To  draw  the  principal  Lines  upon  a  Vertical  Decliner  by  'Trigonometrical  Calculation. 

This  manner  ot  Calculation  eoafifis  in  the  five  following  Rules. 

The  Decimation  ot  a  Plane  being  given,  to  find  the  Angle  that  the  Subftylar  Line  makes 
■with  the  Meridian. 

Rule  I.  As  Radius  is  to  the  Sine  of  the  Plane's  Declination,  fo  is  the  Tangent  Comple- 
ment of  the  Latitude,  to  the  Tangent  of  me  Angle  made  by  the  Subftylar  Line  and  Meridi- 
an in  the  Center  ot  a  Vertical  Decliner.  And  the  Angle  that  the  Subftylar  Line  makes 
with  the  Horizon  at  the  Foot  ot  the  right  Style,  is  the  Complement  of  this  Angle.  Alfo 
the  Angle  that  the  Equinoctial  Line  makes  with  the  Horizon  at  the  Point  wherein  the 
Hour-Line  of  6  cuts  it,  is  equal  to  the  Angle  made  by  the  Subftylar  Line  and  Meridian  ; 
and  the  Angle  of  the  Equinoctial  Line  and  Meridian  is  its  Complement. 

Rule  II.  To  find  the  Angle  which  the  Axis  of  the  Dial  makes  with  the  Subftylar  Line, 
which  may  be  called  likewife  the  Height  of  the  Pole  above  the  Vertical  Plane  ;   lay, 

As  Radius  is  to  the  Sine  Complement  of  the  Latitude,  fo  is  the  Sine  Complement  of  the 
Plane's  Declination  to  the  Sine  of  the  Angle  required.  Note,  The  Angle  that  the  Axis 
makes  with  the  right  Style,  is  the  Complement  of  this  Angle  ;  and  the  Angle  that  the  Radius 
of  the  Equinoctial  Orcle  makes  with  the  right  Style,  is  equal  to  the  Angle  that  the  Axis 
makes  with  the  Subftyle  Alfo  the  Angle  made  by  the  Radius  of  the  Equinoctial  Circle  and 
the  Subftyle,  is  the  Complement  thereof. 

Rule  III.  To  find  the  Arc  of  the  Equinoctial  or  Angle  between  the  Subftylar  Line  and 
the  Meridian  in  declining  Dials;  that  is,  the  D^erence  between  the  Meridian  of  the 
Place,  and  the  Meridian  of  the  Plane,  for  the  Subftylar  Line  is  the  Meridian  of  the 
Plane  ;  fay, 

As  Radius  is  to  the  Sine  of  the  Latitude,  fo  is  the  Tangent  Complement  of  the  Plane's 
Declination  to  the  Tangent  of  an  Arc,  whofe  Complement  will  be  that  required. 

R.ule  IV.  To  find  the  Angle  that  the  Hour-Line  of  6  makes  with  the  Horizontal  Line, 
and  the  Meridian  in  the  Center  of  the  Dial ;  fay, 

As  Radius  is  to  the  Sine  of  the  Plane's  Declination,  fo  is  the  Tangent  of  the  Latitude, 
to  the  Tangent  of  the  Angle  that  the  Hour-Line  of  6  makes  with  the  Horizon;  the  Com- 
plement of  which,   is  that  made  by  the  Hour-Line  of  6  and  the  Meridian. 

Rule  V.  To  find  the  Angles  that  the  Hour-Lines  make  with  the  Subftylar  Line  ;  and  by 
this  means,  the  Angles  that  they  make  with  the   Meridian  in  the   Center   of  a   Vertical 

Dial. 

This  Proportion  is  founded  upon  this  Gnomonick  Principle,  viz,,  that  any  Plane  may 
be  parallel  to  fome  Horizon,  and  confequently  will  be  an  Horizontal  Dial  tor  that  Latitude, 
the  Subftylar  Line  being  the  Meridian,  from  which  the  proper  Hour-Lines  muft  be  laid  off 
on  both  fides. 

But  before  this  can  be  done,  the  Angle  that  the  Subftyle  makes  with  the  Meridian 
muft  be  found,  by  Rule  I.  the  Elevation  of  the  Pole  above  the  Plane,  by  Rule  II.  tne  Arc 
of  the  Equinoctial  between  the  Subftyle  and  the  Meridian,  by  Rule  III.  with  the  Difference 
or  Decrees  of  the  two  firft  Diftances  from  the  Style  ;  one  being  between  the  Subftyle  and 
the  Meridian,  and  the  other  between  the  Subftyle  and   the  Hour-Line  of  6.     Thefe   being 

found,  lay, 

As  Radius  is  to  the  Sine  of  the  Elevation  of  the  Pole  above  the  Plane,  fo  is  the  Tangent 
of  the  Diftance  of  any  Hour-Circle  from  the  Meridian  of  the  Plane  or  Suoftyiar  Line  to 
the  Tangent  of  the  Angle  made  by  the  Hour-Line  of  the  propofed  Hour-Circle  and  the 
Subftylar  Line  in  the  Center  of  the  Dial. 

Note, 
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Note,  If  the  Subftylar  Line  happens  to  fall  upon  any  half  or  whole  Hour,  then  the  two 
firft  Di fiances  of  the  Hcur-Circles  from  the  Subftylar  Line   will   be  each   7  deg.  30  mini  or 

15  deg.  and  in  this  Cafe,  the  Angles  of  the  Hour-Lines  of  the  Hour-Circles,  equally  diftant 
on  both  fides  the  Hour  the  Subftylar  Line  falls  upon,  will  be  equal  on  both  fides  the  Sub- 
ftylar Line. 

The  Application  of  the  precedent  Rules  to   a  Vertical  Dediner  of  4?  deg.  Soutb-weftwardly,  in  the 

Latitude  of  49  deg.     (Vide  Figure  p.) 

The  Angle  made  by  the  Subftylar  Line  and  the  Meridian,  will  be  found  by  the  firft  Rule 
31  deg.  35  min. 

The  Angle  of  the  Axis  and  Subftylar  Line,  by  Rule  II.  will  be  27  deg.  38  min.  and  the 
Arc  of  the  Equinoctial  between  the  Meridian  of  the  Place  and  the  Meridian  of  the  Plane 
by  Rule  III.  will  be  round  52  deg.  58  min.  and  confequently  the  Subftylar  Line  falls  between 
the  Hour-Lines  of  3  and  4  in  the  Afternoon  s  and  the  Angle  made  by  the  Hour-Line  of  6 
and  the  Meridian,  is  50  deg.  52  min. 

The  Arc  of  the  Equinoctial  52  deg.  58  min.  being  found,  fubftract  45  deg.  which  is  the 
Arc  of  the  Equinoctial  anfwering  to  the  Hour  of  3,  from  it,  and  the  Remainder  7  deg. 
58  min.  will  be  the  Arc  of  the  Diftance  of  the  Hour  of  3  from  the  Subftyle,  and  confequent- 
ly 7  deg.  2  min.  is  the  Diftance  of  the  Hour  of  4  from  the  Subftyle. 

Therefore  to  find  the  Angles  that  the  Hour-Lines  make  with  the  Subftyle  in  the  Center  of 
the  Dial,  you  muft  begin  with  one  of  thefe  Diftances,  in  faying,  for  example,  As  Radius 
100000  is  to  the  Sine  of  the  Elevation  of  the  Pole  above  the  declining  Plane,  which  in  this 
Example  is  27  deg.  38  min.  whofe  Sine  is  46381,  fo  is  the  Tangent  of  7  deg.  2  min.  which 
is  12337,  toa  fourth  Number,  which  fhall  be  found  5722,  viz..  the  Tangent  of  3  deg.  16 
min.  and  confequently  the  Angle  that  the  Hour- Line  of  4  makes  with  the  Subftyle   is  3  dee. 

16  min.  and  to  rind  the  Angle  that  the  Hour-Line  of  5  makes  with  the  Subftylar  Line  you 
muft  firft  add  1 5  deg.  to  7  deg.  2  min.  and  feek  the  Tangent  of  the  Sum  22  de°\  2  min.  and 
then  proceed,  as  before,  and  you  will  find  the  Angle  made  by  the  Hour-Line  of  5  with  the 
Subftylar  Line  will  be  10  deg.  38  min.  the  Angle  of  the  Hour-Line  of  6  with  the  fame  will 
be  15?  deg.  17  min.  the  Angle  of  the  Hour-Line  of  7,  30  deg.  44  min.  and  the  Angle  of  the 
Hour-Line  of  8  in  the  Evening,  47  deg.  35  min. 

But  if  the  Angles  that  thefaid  Hour-Lines  make  with  the  Meridian  or  Hour-Line  of  12 
be  required,  you  muft  add  3 1  deg.  3  j  min.  to  each  of  the  aforefaid  Angles  ;  and  confequent- 
ly the  Angle  that  the  Hour-Line  of  4  makes  with  the  Meridian,  will  be  34  deg.  cimin. 
the  Hour-Line  of  5,  42  deg.  13  min.  the  Hour-Line  of  6,  50  deg.  52  min.  the  Hour-Line 
of  7,  62  deg.  19  min.  and  the  Hour-Line  of  8,  79  deg.  10  min. 

Having  calculated,  in  the  abovefaid  manner,  the  Angles  made  by  the  Hour-Lines  on  the 
other  fide  the  Subftylar  Line,  with  the  faid  Subftylar  Line,  you  will  find  the  Angle  of  the 
Hour- Line  of  3,  3  deg.  45  min.  that  of  the  Hour-Line  of  2,  11  deg.  7  min.  that  of  the 
Hour-Line  of  1,  19  deg.  54mm.  that  of  the  Hour-Line  of  12,  31  deg.  35  min.  that  of  the 
Hour- Line  of  1 1,  48  deg.  54  min.  that  of  the  Hour-Line  of  10,  75  deg.  7  min.  and  that  of 
the  Hour-Line  of  9,   106  deg.  48  min. 

Now  if  3 1  deg.  3  5  min.  viz,,  the  Subftyle's  Diftance  from   the  Meridian,  be   taken  from 
each  of  thefe  laft  Angles,  then  the  Angle  that  the  Hour-Line  of  9  makes  with  the  Meridian 
will  be  75  deg.  13  min.  that  of  the  Hour-Line  of  10,  43  deg.  32  min.  that  of  the  Hour-Line* 
of  11,  17  deg.  19  min.  and  fo  of  others. 

When  the  Declination  of  a  Plane  is  very  great,  the  Center  of  a  Dial  cannot  then  be 
pricked  down  conveniently  thereon,  fince  the  Hour-Lines  will  fail  too  near  each  other.  And 
in  this  Cafe  they  may  be  drawn  between  two  Horizontal  Lines;  for  the  Angles  that  the 
Hour-Lines  make  with  the  faid  Horizontal  Lines,  are  the  Complements  of  the  Angles  that 
the  refpe&ive  Hour-Lines  make  with  the  Meridian. 

Hov)  to  find  the  Declination  of  an  upright  or  'vertical  Wall  or  Plane,  by  means  of  the  Shadow  of  the 

Extremity  of  an  Iron  Rod  or  Style. 
Becaufe  the  Exactnefs  of  Vertical  Dials  chiefly  depend  on  the  knowledge  of  the  Situa- 
tions of  the  Walls  on  which  they  are  to  be  made  or  fet  up  againft,  with  refpect  to  the  Hea- 
vens, that  is,  their  Declinations:  therefore  it  is  very  necelTary  that  their  Decimations 
be  found  with  all  poflible  exactnefs,  which  we  fhall  endeavour  to  do  before  we  clofe  this 
Chapter. 

Preparations. 
You  muft  firft  fix  an  Iron  Rod  or  Wire  in  the  Wall  obliquely,  having  its  Extremity  fharp 
and  pretty  diftant  from  the  Wall,  as  the  Rod  A  I,  whofe  Extremity  I  is  fharp.    VideF'i%.  9. 

Secondly,  The  Foot  H  of  the  Style  muft  be  pricked  down  upon  the  Dial  Plane.  This 
Point  is  that  wherein  the  Perpendicular  H  I  drawn  from  tne  Extremity  of  the  Rod  or  Style 
meets  the  Plane  of  the  Dial.  You  muft  likewife  draw  the  Vercical  Line  H  F  pafling  thro 
that  Point,  which  reprefents  the  perpendicular  Vertical  to  the  Plane  of  the  Dial,  and  aifo 
the  Horizontal  Line  D  C  cutting  the  laid  Vertical  Line  at  right  Angles,  in    the  Foot  of  the 

Style 
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Style  H.  This  being  done,  meafure  exactly  the  Length  of  the  'right  Style  H  I  or  H  F,  its 
equal,  that  is,  meafure  the  Diitance  from  the  Foot  or  the  Style  to  its  Extremity,  with  foaie 
Scale  divided  into  fmall  Parts.  Then  having  obferved  where  the  Extremity  ol  the  Shadow 
of  the  Iron  Rod  falls  upon  the  Wall  at  different  Times  in  the  fame  Day,  as  at  the  Points 
2>  3>  4»  y°u  mu&  meai.ure  the  Diflance  of  each  Extremity  of  the  Shadow  from  the  Hori- 
zontal Line  with  the  Scale  :  as,  for  example,  the  Diflance  from  the  Point  2  to  the  Point  Z 
in  the  Horizontal  Line;  as  likevvife  the  Diftance  from  the  fame  Point  to  the  Vertical  Line 
parting  thro  the  Foot  of  the  Style  ;  as  from  the  Point  2  to  the  Point  X  ;  and  then  you  muft 
fet  down  the  Numbers  found  orderly  in  a  Memorial,  thatfo  they  may  be  made  ufe  of  in  the 
following  Analogies. 

But  to  prick  down  upon  the  Wall  nicely  the  Shadow  of  the  Extremity  of  the  Rod  or 
Style,  you  muff  ufe  the  following  Method,  which  I  had  from  M.  de  la  Hire.  Fallen  a  little 
Tin-Plate,  having  a  round  hole  therein,  near  the  Extremity  of  the  Rod,  in  fuch  manner, 
that  the  Extremity  of  the  Iron  Rod  be  exactly  in  the  Center  of  the  faid  round  hole,  and  the 
Plate  expofed  dire&ly  to  the  Sun  ;  then  you  will  fee  a  little  Oval  of  Light  upon  the  Wall  in 
the  Shadow  of  the  Plate  :  and  if  you  draw  quickly  with  a  Pencil,  a  light  Trad  upon  the 
Wall  about  the  faid  Oval  of  Light,  which  is  moving  continually  ;  the  Center  of  the  faid  Oval 
may  be  taken  for  the  true  Shadow  of  the  Extremity  of  the  Rod. 

Having  thus  marked  the  Points  2,  3,4,  whereat  the  Extremity  of  the  Shadow  falls,  you 
mufl  find  the  Amplitude,  and  the  Sun's  Altitude  anfwering  to  each  of  them,  and  fet  them 
down  in  the  Memorial. 

Note,  The  Amplitude  that  we  mean  here,  is  the  Angle  that  the  height  of  the  Style  or 
Rod  makes  with  the  Line  drawn  from  each  of  the  obferved  Extremities  of  the  Shadow  to 
the  Horizontal  Line  (for  each  of  thefe  Lines  reprefents  upon  the  Wall  the  vertical  Circle 
the  Sun  is  in  at  the  Time  of  Obfervation.)  This  Angle  is  marked  H  F  Z  in  the 
Figure,  and  is  the  Amplitude  correfpondent  to  the  Point  2.  Now  to  find  this  Angle, 
you  mull  fay,  As  the  Height  of  the  Rod  or  Style  is  to  the  Diftance  from  the  Extremity  of 
the  Shadow  to  the  vertical  Line,  fo  is  Radius  to  the  Tangent  cf  the  Amplitude.  And  by 
making  this  Analogy  for  each  Extremity  of  the  Shadow  of  the  Rod  obferved  at  different 
Times,  the  correfpondent  Amplitudes  will  be  had,  and  mufl  be  fet  down  in  one  Column  in 
the  Memorial. 

Then  to  find  the  Sun's  Altitude  above  the  Horizon,  you  mufl  take  the  Complement  of 
the  Amplitude,  and  the  Diftance  of  each  obferved  Extremity  of  the  Shadow  from  the  Hori- 
zontal Line.  This  being  done,  fay,  As  the  Height  of  the  Style  is  to  the  Sine  Complement 
of  the  Amplitude,  fo  is  the  Diftance  of  the  Extremity  of  the  Shadow  from  the  Horizontal 
Line,  to  the  Tangent  of  the  Sun's  Altitude  above  the  Horizon,  which  being  found  for  the 
Times  of  each  Obfervation  of  the  Shadow  cf  the  Iron  Rod,  fet  them  down  orderly  in  one 
Column. 

Note,  If  the  Extremity  of  the  Shadow  obferved  falls  upon  the  vertical  Line  parting  thro 
the  Foot  of  the  Style,  there  will  then  be  no  Amplitude  ;  and  in  this  Cafe  you  will  have  the 
Sun's  Altitude  by  one  Rule  only,  in  faying,  As  tne  Height  of  the  Style  is  to  the  Diftance  of 
the  Extremity  of  the  Shadow  from  the  Foot  of  the  Style,  fo  is  Radius  to  the  Tangent  of  the 
Sun's  Altitude. 

After  this,  you  mufl  find  the  Diflance  of  each  obferved  Vertical  or  Azimuth  Line  from 
the  Meridian  ;  and  in  order  to  do  this,  the  Sun's  Declination  muft  be  had  for  the  Times 
wherein  the  Extremities  of  the  Shadow  were  taken  :  if  it  be  at  the  time  of  the  Solftices,  the 
fame  Declination  will  ferve  for  all  the  Extremities  of  the  Shadow  obferved  in  one  Day;  but 
if  the  Sun  be  in  the  Equinoctial,  you  mufl  have  his  Declination  for  each  time  of  the  Obfer- 
vation of  the  Extremity  of  the  Shadow,  in  taking  the  Parts  proportional. 

Now  the  Sun's  Declination  being  had,  you  mufl  take  the  Complement  thereof,  as  like- 
wife  the  Complement  of  his  Altitude,  and  the  Complement  of  the  Latitude,  and  add  them 
all  three  together  ;  and  take  half  the  Sum,  and  from  this  half  Sum  take  the  Complement  of 
the  Sun's  Altitude,  and  the  Remainder  will  be  a  firfl  Difference  :  and  moreover,  it  the  Com- 
plement of  the  Latitude  be  taken  from  the  faid  half  Sum,  you  will  have  a  fecond  Dif- 
ference. This  being  done,  fay,  As  the  Sine  Complement  of  the  Latitude  is  to  the  Sine  of 
the  firfl  Difference,  fo  is  the  Sine  of  the  fecond  Difference  to  a  fourth  Sine  :  and  as  the  Sine 
Complement  of  the  Sun's  Altitude  is  to  Radius,  fo  is  that  fourth  Sine  found  to  another 
Sine  ;  which  being  multiplied  by  Radius,  and  the  Square  Root  of  the  Product,  will  be  half 
the  Diftance  of  the  Extremity  of  the  Shadow  obferved,  or  of  its  vertical  Line  from  the  Me- 
ridian or  Hour-Line  of  12. 

This  Diflance  being  found  in  Degrees  and  Minutes,  we  may  have  the  Declination  of  any 
Wall,  which  here  is  the  Angle  H  F  E,  by  fome  one  of  the  five  following  Cafes. 

Firfl,  If  the  Extremity  of  the  Shadow  of  the  Style  is  between  the  vertical  Line  pacing 
thro  the  Foot  of  the  Style,  and  the  Hour-Line  of  12,  as  is  the  Point  2  in  this  Example, 
which  was  obferved  fome  time  in  the  Afternoon;  then  you  mufl  add  the  Amplitude  to  the 
Diflance  of  the  vertical  Line  from  the  Meridian. 

M  m  m  .  Secondly, 
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Secondly,  If  the  Extremity  of  the  Shadow  falls  beyond  the  vertical  Line  paffing  thro  the 
Foot  of  the  Style,  as  here  the  Point  3  does,  you  muft  fubftract  the  Amplitude  from  the  Dif- 
tance  of  the  vertical  Line  from  the  Meridian,  to  have  the  Decimation  of  the  Wail. 

Thirdly,  If  the  obferved  Extremity  of  the  Shadow  be  found  exa&ly  upon  the  vertical  Line 
paffing  thro  the  Foot  of  the  Style,  then  there  will  be  no  Amplitude,  and  its  Diftance  from 
the  Meridian  will  be  the  Wall's  Declination. 

Fourthly,  If  the  Extremity  of  the  Shadow  is  on  this  fide  of  the  Meridian,  as  here  the 
Point  4  is,  which  was  obferved  before  Noon,  the  Amplitude  will  be  greater  than  the  Decli- 
nation ;  to  have  which,  you  muft  fubftract  from  the  Amplitude  the  Diftance  of  the  Vertical 
Lire  from  the  Meridian. 

Fifthly,  If  the  Extremity  of  the  Shadow  was  obferved  precifely  at  Noon,  the  Wall's 
Declination  would  then  be  equal  to  the  Amplitude;  and  fince  the  Sun's  Declination,  and 
the  Latitude  is  known,  it  will  be  eafy  to  know  whether  the  Altitude  obferved  any  Day  be 
the  greateft  for  that  Day,  that  is,  whether  it  be  the  Sun's  Meridian  Altitude.  Notex  What 
we  have  faid  is  eafily  app'xable  to  all  Declinations,  whether  Eaftv  ards  or  Weitwards,  if 
the  Line  of  Midnight  be  ufed  inftead  of  that  of  Noon,  when  Walls  decline  Norrh-Eaft  or 
North-Weft. 

An  Example  will  make  all  this  manifeft  :  in  order  to  which,  let  us  fuppofe,  that,  in  a 
Place  where  the  North-Pole  is  elevated,  or,  which  is  all  one,  where  ri*  Latitude  of  the 
Place  is  48  deg.  50  noin.  we  have  obferved  the  Extremity  of  the  Shadow  of  an  Iron-Rod 
upon  a  very  upright  Wall  about  the  time  of  the  Summer  Solftice,  whofe  Diftance  from  the 
vertical  Line  paffing  thro  the  Foot  of  the  Style  is  100  equal  Farts  of  fome  Scale,  and  the 
Height  of  the  Style  300  of  the  fame  Parts. 

The  Operation  by  Logarithms, 

The  Logarithm  of  100  ■■■ 20000000 

The  Logarithm  of  Radius         ■  ■  1 00000000 

The  Sum  ■ —  — -> 120000000 

The  Logarithm  of  300  ■  ■  24771212 

The  Remainder        95228/88 

This  Number  remaining  is  the  Logarithm  Tangent  of  18  deg.  26  min.  for  the  Amplitude 
of  the  obferved  Extremity  of  the  Shadow,  and  the  Complement  thereof,  is  71  deg.  34  min. 

Then  to  find  the  Sun's  Altitude,  fuppofe  the  Diftance  from  the  Extremity  of  the  Shadow 
obferved  to  the  Horizontal  Line  be  600  of  the  aforefaid  equal  Parts. 

The  Logarithm  Sine  of  71  deg.  34  min.  £977125$ 

The  Logarithm  of  600  > 27781512 

The  Sum  I^7552j^$ 

The  Logarithm  of  300       ■ 24771212 

The  Remainder  *     102781*^3 

This  remaining  Number   is     the  Logarithm  Tangent   of  6 2    deg.    13   min.   the  Sun's 

Altitude. 

Then  fuppofe  the  Complement  of  the  Latitude  is  

The  Complement  of  the  Declination  of  the  Sun  

The  Complement  of  the  Height  of  the  Sun  


Deg. 

Min 

41 

10 

66 

45 

27 

4? 

The  Sum  . _ 

Half  of  the  Sum  — _ 

The  Complement  of  the  Latitude 4i 


135       42 

61       51 

10 


The  firft  Difference  26- 

Again,  taking  from  . 6j 


41 


The  Complement  of  the  Sun's  Altitude 27       47 

We  fhall  have  the  fecond  Difference 


40         4 

The  firfl  Analogy. 

The  Logarithm  Sine  of  the  firft  Difference  26  deg.  41  min.  ■ P^ao*? 

The  Logarithm  Sine  of  the  fecond  Difference  40  deg.  4  min.  ■ p8o%66oo 

The  Sum         , 19460-97.5 

The  Logarithm  Sine  of  41  deg.  10  min.  fubftraft     91883919 

The  fourth  Sine  remaining  .— ; _    9642580T 

The 
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The  fecond  Analogy. 

The  Logarithm  of  Radius  ■  —  •     iooooooo 

The  fourth  Sine  £5425806 

The  Sum  —  126425806 

Subftrad  the  Logarithm  Sine  of  27  deg.  47  min.      •  96^85064 


The  remaining  Sine «     99740742 

The  Sine  of  Radius  — * —       1 00000000 


The  Sum         — — —  — —  199740742 

The  half  of  this  Number  for  the  Square  Root 998870371 

This  lad  Number  is  the  Logarithm  Sine  of  76  deg.  4  min.  which  being  doubled,  makes 
152  deg.  8  min.  but  fince  this  Angle  is  obtufe,  you  muft  fubftracl:  it  from  180  deg.  and  the 
remainder  27  deg.  52  min.  is  the  diftance  of  the  obferved  vertical  Circle  or  Line  from  the 
Meridian  :  and  becaufe  the  Extremity  of  the  Shadow  2,  for  which  the  Calculation  is  fup- 
pofed  to  be  made,  is  between  the  vertical  Line  patting  thro  the  Foot  of  the  Style,  and  the 
Hour-Line  of  12;  you  muft  add  the  aforefa:d  27  deg.  52  min.  to  the  calculated  Amplitude 
18  deg.  26  min.  to  have  the  Declination  46  deg.  18  min. 

The  Declination  of  a  Wall  may  be  found  by  one  Obfervation  of  the  Extremity  b£  the 
Shadow. of  a  Style  or  Iron-Rod  only  ;  but  it  is  better  to  make  feveral  Obfervations  thereof 
in  one  Day,  or  in  different  Days,  that  fo  the  Declination  of  the  Wa'l  may  be  calculated  for 
each  Obfervation,  and  the  proportional  Parts  of  the  Differences  arifing  may  be  taken  :  if, 
foe  example,  the  Extremity  of  the  Shadow  of  the  Style  hath  been  fix  times  obferved,  you 
muft  take  the  one-fixth  part  of  the  Differences  produced  by  the  Calculations,  in  order  to  have 
the  true  Declination  of  the  Wall. 

CHAP.    II. 

Of  the  Confkruttion  and  Vfes  of  the  Declinatory. 

THIS  Inftrument  is  made  of  a  very  even  Plate  of  Brafs  or  dry  Wood,  in  figure  of  a  Fig.  u 
Re&angle,  about  one  Foot  in  length,  and  feven  or  eight  Inches  in  breadth. We  draw  the 
Diameter  of  a  Semi-circle  upon  it  parallel  to  one  of  the  longeft  (ides  of  this  Plate,  i>/z,.parallel 
to  A  B,  and  we  divide  this  Semi-circle  into  two  Quadrants,  containing  90  Degrees  each, 
which  we  divide  fometimes  into  half  Degrees,  the  Degrees  being  both  ways  numbered  from 
the  Point  H,  as  may  be  feen  in  the  Figure  of  the  Inftrument.  When  this  is  done,  we  add 
an  Index  I  to  the  faid  Plate,  which  turns  about  the  Center  G,  by  means  of  a  turn'd  headed 
Rivet.  On  the  Fiducial  Line  of  this  Index  we  fcrew  a  Compafs,  with  the  North-fide  to- 
wards the  Center  G,  and  likewife  fometimes  a  fmall  Horizontal  Dial,  whofe  Hour-Line  of 
12  turns  to  the  Center  G.  I  fhall  fay  no  more  as  to  the  Conftru&ion  of  this  Inftrument,  it 
being  eafy  to  underftand,  from  what  has  been  faid  elfewhere  in  this  Treatife. 

The  Ufe  of  this  Inftrument  in  taking  the  Declinations  of  Planes. 

A  Plane  is  faid  to  decline,  when  it  does  not  face  directly  one  of  the  Cardinal  Parts  of 
the  World,  which  are  North,  South,  Eaft  and  Weft ;  and  the  Declination  thereof  is  mea- 
fured  by  an  Arc  of  the  Horizon  comprehended  between  the  Prime  Vertical,  and  the  vertical 
Circle  parallel  to  the  faid  Plane,  if  it  be  vertical,  viz,,  perpendicular  to  the  Horizon  ;  for  if 
a  Plane  be  inclined,  it  can  be  parallel  to  no  vertical  Circle.  And  in  this  Cafe,  the  Arc  of  the 
Horizon  comprehended  between  the  Prime  Vertical,  and  that  vertical  Circle  that  is  parallel 
to  the  Bafe  of  the  inclined  Plane,  or  elfe  the  Arc  of  the  Horizon  computed  between  the 
Meridian  of  the  Place  and  the  vertical  Circle  perpendicular  to  the  Plane,  is  the  Plane's 
Declination. 

There  are  no  Planes,  unlefs  vertical  or  inclined  ones,  that  can  decline  ;  for  a  Horizontal 
Plane  cannot  be  faid  to  decline,  becaufe  the  upper  Surface  thereof  directly  faces  the  Zenith, 
and  its  Plane  turns  towards  all  the  four  Cardinal  Parts  of  the  World  indifferently. 

Now,  in  order  to  find  the  Declination  of  a  Plane,  whether  vertical  or  inclined,  you  muft 
draw  firft  a  level  Line  thereon,  that  is,  a  Line  parallel  to  the  Horizon,  and  lay  the  fide  A  B 
of  the  Inftrument  along  this  Line  :  then  you  muft  turn  the  Index  and  Compafs  till  the  Needle 
fixes  itfelf  dire&ly  over  the  Line  of  the  Declination  or  Variation  thereof  on  the  bottom  of 
the  Box.     This  being  done,  the  Degrees  of  the  Semi-circle  cut  by  the  Fiducial  Line  of  the 

Index 
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Index  gives  the  Plane's  Declination  towards  that  Coaft  fhewn  by  the  writing  graved  upon 
the  Inftr'ument.  If,  for  example,  the  Index  be  found  fixed  upon  the  45?/;  Degree,  between 
H  and  B,  and  the  end  of  the  Needle  refpecting  the  North  be  directly  over  the  Point  S  of 
its.  Line  o£ Declination  ;  in  this  Cafe,  the  Plane  declines  45  deg.  South-weftwardly  :  but  if 
in  the  fame  Situation  of  the  Declinatory,  the  oppofite  end  of  the  Needle,  refpefting  the 
South,  fhould  have  fixed  itfelf  over  the  Point  S  of  the  faid  Line  of  Declination,  then  the 
Piane  would  have  declined  45  deg.  North-eaftwardly. 

Again,  If  the  Index  be  found  between  A  and  H,  and  the  North-end  of  the  Needle  over 
the  Point  S  of  its  Line  of  Declination,  then  the  Declination  of  the  Plane  will  be  South- 
eaftwardly  ;  but  if  in  this  Situation  of  the  Index,  the  South-end  of  the  Needle  fixes  itfelf 
over  the  faid  Point  S,  then  the  Plane  will  decline  North-weftwardiy. 

If  the  Sun  fhines  upon  the  Wall  or  Plane  whofe  Declination  is  fought,  and  the  time  of  the 
Day  be  known  exactly  by  fome  good  Dial,  as  the  Aftronomick  Rir.g  Dial,  we  may  find  the 
Declination  of  the  Wall  or  Plane  by  means  of  a  fmall  Horizontal  Dial  fattened  on  the  Index 
which  muft  be  turned  till  the  Style  of  the  Dial  fhews  the  exacl  Time  '  tl  e  Day  ;  and  then 
the  Degrees  of  one  of  the  Quadrants  cut  by  the  Fiducial  Line  or  the  Index,  will  be  the 
Wall  or  Plate's  Declination  :  and  by  this  means  may  be  avoided  the  Errors  cd\xfn  f  by  the 
Compafs,  as  well  on  account  of  the  Variation  of  the  Needle,  as  berau;c  of  Iron  concealed 
near  the  Compafs. 

When  the  Sun  fhines  upon  a  Wall,  we  may  find  Iikew'.fe  the  Sdbftyle  or  proper  Meridian 
by  means  of  obferving  two  Extremities  of  the  Shadow  of  an  Iron-R. .  ,1  the  manner  we 
have  above  mentioned,  and  afterwards  the  Declination ;  or  elfe  we  may  draw  a  Meridian 
Line  upon  an  Horizontal  Plane  near  the  WTall,  which  being  produced  to  the  Wall,  will  be  a 
means  to  find  the  Declination  thereof,  as  alfo  to  find  the  Variation  of  the  Needle.  Now  the 
manner  of  drawing  a  Meridian  Line  is  thus  : 
Fig.  M.  Draw  a  Circle  upon  fome  level  Plane,  (fuppofe  this  to  be  reprefented  by   the  Figure  M) 

and  in  the  Center  thereof  fet  up  a  fharp  Style  very  upright,  or  elfe  fix  a  crooked  Style  in 
fome  Place,  as  A,  in  fuch  manner,  that  a  Line  drawn  from  its  fharp  end  to  the  Center  of 
the  faid  Circle  be  perpendicular  to  the  Plane  of  the  Circle  ;  which  you  may  do  by  a  Square. 
But  before  you  draw  the  Circle,  it  is  neceflary  to  know  the  Length  of  the  Shadow  of  the 
Style,  that  fo  the  Circumference  of  the  Circle  may  be  drawn  thro  the  Extremity  of  the 
Shadow  of  the  Sryle  obferved  fome  time  before  Noon.  Now  the  Circle  beincr  drawn  fup- 
pofe the  Extremity  of  the  Shadow  touches  the  Circumference  of  the  Circle  in  the  Morning 
at  the  Point  G,  and  about  as  many  Hours  after  Noon  as  when  in  the  Morning  you  obferved 
the  Extremity  of  the  faid  Snadow  in  G  before  Noon,  you  find  the  Extremity  of  the  Shadow 
again  to  touch  the  Circumference  of  the  Circle  in  F  ;  then  if  the  Arc  F  G  be  bifected  in  the 
Point  C,  and  the  Diameter  B  C  be  drawn,  this  Diameter  will  be  a  Meridian  Line. 

If  you   have  a  mind  to   find    a  Meridian  Line  when  the  Sun  is  in  the  Equinoctial  Line 
there  is  no  need  of  drawing  a  Circle,  for  all  the  Extremities  of  the   Shadow  of  the  Style 
will  then  be  in  a  right  Line,  as  E  D,  which  is  the  common  Section  of  the  Equinoctial  and  the 
Horizontal  Plane  j  and  fo  any  right  Line,  as  B  C,  cutting  E  D  at    right  Angles,  will  be  a 
Meridian  Line. 

Thus  having  drawn  a  Meridian  Line,  if  the  Hour-Line  of  12  of  a  Horizontal  Dial  be 
placed  fo  as  to  coincide  therewith,  we  may  have  the  Time  of  the  Day  thereby  :  and  there- 
fore if  at  the  fame  time  the  Index  of  the  Declinatory  be  turned  fo,  that  the  fmall  Horizontal 
Dial  fattened  thereon  fhews  the  fame  Hour  or  Part,  then  the  Degrees  of  the  Circumference  of 
the  Initrument  cut  by  the  Index,  will  fhew  the  Declination  of  the  Wall  or  Plane.  Or  elfe 
you  may  produce  the  abovcfaid  Meridian  Line  till  it  cuts  the  declining  Plane,  for  then  it 
will  make  two  unequal  Angles  with  the  Horizontal  Line  drawn  upon  the  Plane,  viz,,  an 
acute  and  obtufe  Angle,  which  being  meafured  with  all  the  exactnefs  poffible,  the  Difference 
between  either  of  thefe  Angles  and  a  right  Angle,  will  be  the  Declination  of  the  Plane.  For 
example,  if  the  acute  Angle  be  5:0  deg.  and  confequently  the  obtufe  one  150  deg.  then  the 
Ditrerence  between  either  of  them  and  a  right  Angle,  will  be  40  deg.  for  the  Decli- 
nation of  the  Plane. 

If  you  have  a  mind  to  find  the  Variation  of  the  Needle,  apply  one  of  the  fides  of  the 
fquare  Box  of  the  Compafs  along  the  Meridian  Line  drawn  on  the  Plane ;  and  when  the 
Needle  is  at  reft,  obferve  how  many  Degrees  the  North  Point  thereof  is  diftant  from  the 
Flovoer-de-luce  of  the  Card  j  and  thefe  Degrees  will  be  the  Needle's  Declination  or  Variation  ; 
but  this  Variation  will  not  laft  long,  for  it  changes  continually.  Note,  When  the  Declin;  -i 
of  Planes  be  taken  with  a  Compafs,  you  muft  have  regard  to  the  Variation  of  the  Neeale, 
in  letting  it  reft  over  a  Line  fhewing  the  Variation,  which  is  drawn  commonly  on  the  bottom 
of  the  Compafs-B'v 

llje  Ufe  of  the  Declinatory  in  taking  the  Inclinations  of  Planes. 
This  Inftrument  ferves  to  take  the  Inclinations  of  Planes,  as  well   as   their  Declinations, 
that  is,  the  Angles  the  Planes  make  with  the  Horizon,  and  for  this  end  there  is  a  little  Hole 
in  the  Center  G,  having  a  Plumb-Line  fattened  therein. 

The 
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The  i-jth  Figure  fliews  the  manner  of  taking  the  Declinations  and  Inclinations  of  Pianes.Fig.  17. 
The  Plane  A,  of  this  Figure,  whereon  the  Declinatory  is  applied,  is  a  vertical  Meridional 
undeclining  Plane.     The  Plane  B  declines  South-weltwardly    45  Degrees.     The  Plane   C 
is  a  direct  Weft  one.     The   Plane  D,  declines   45    Degrees  North-wcftwardly.     And    the 
other  Declinations  are  taken  in  the  fame  manner,  in  applying  the  Side  A  B  of  the  Declina- 
tory to  them,  fo  that  the  Plane  of  the  Semi-circle  be  parallel  to  the  Horizon. 

Now  to  meafure  the  Angle  of  a  Plane's  Inclination,  you  muft  apply  fome  one  of  the  other 
Sides  of  the  Inftrument  to  the  Plane  or  Wall,  and  keeping  the  Plane  of  the  Semi-circle  per- 
pendicular to  the  Horizon,  fee  what  Number  of  Degrees  of  the  Circumference  thereof 
the  Plumb-Line  plays  upon,  for  thefe  will  be  the  quantity  of  the  faid  Angle  of  Incli- 
nation. 

If,  for  example,  the  Side  C  D  be  applied  to  the  Plane  E,  and  the  Plumb-Line  plays 
upon  the  Line  G  H,  then  the  faid  Plane  will  be  parallel  to  the  Horizon.  But  if  the  Side 
C  A  of  the  Inftrument  being  applied  on  the  Plane  F,  and  the  Plumb-Line  plays,  as  per  Fi- 
gure, this  Plane  inclines  45  Degrees  upwards.  Again,  If  the  Inftrument  being  applied  to 
the  Plane  G,  and  the  Plumb-Line  plays  upon  the  Diameter,  then  this  Plane  is  vertical.  And 
laftly,  If  the  Side  A  C,  being  applied  on  the  Plane  H,  and  the  Plumb-Line  plays  as  per  Fi- 
gure, then  the  Inclination  thereof  will  be  4$  deg.  downwards. 


CHAP.   III. 

Of  the  Conflruttion  and  Vfes  of  Inftruments,  for  drawing  upon 
Dials  the  Arcs  of  the  Signs,  the  Diurnal  Arcs,  the  Babylonick 
and  Italian  Hours,  the  Almacanters,  and  the  Meridians  of 
principal  Cities. 

WE  now  proceed  to  defcribe  upon  Dials  certain  Lines  which  the  Shadow   of  the  Ex- 
tremity of  the  Style  pafles  over,  when  the  Sun  enters  into  each  of  the  12  Signs  of 
the  Zodiack. 

Of  the  'Trigon  of  Signs. 

The  firft  Figure  reprefents  the  Triangle  or  Trigon  of  Signs,  made  of  Brafs  or  any  other  pjate  23, 
folid  Matter,  of  a  bignefs  at  pleafure.  The  Conftruction  of  this  is  thus:  Firft  draw  the  Fig.  1. 
Line  a  b>  reprefenting  the  Axis  of  the  World,  and  a  c  perpendicular  thereto,  reprefenting 
the  Radius  of  the  Equinoctial,  and  about  the  Point  a  defcribe  the  circular  Arc  d  c  e  at  plea- 
fure. This  being  done,  reckon  23  f  deg.  both  ways  from  the  Point  c  upon  the  faid  Arc, 
for  the  Sun's  greateft  Declination,  and  draw  the  two  Lines,  a  d,  a  e,  for  the  Summer  and 
Winter  Tropicks  ;  likewife  draw  the  Lined  e,  which  will  be  bifected  by  the  Radius  of  the 
Equinoctial  in  the  Point  0,  about  which,  as  a  Center,  draw  a  Circle,  whofe  Circumference 
paffes  thro  the  Points  d and  e  of  the  Tropicks,  and  divide  the  Circumference  thereof  in  12 
equal  Parts,  beginning  from  the  Point  d.  Then  thro  each  Point  of  Divifion  equally  diftant 
from  d  and  ey  draw  occult  Lines  parallel  to  the  Radius  of  the  Equino&ial  Circle.  Thefe 
Lines  will  interfect  the  Arc  d  c  in  Points  thro  which  and  the  Center  a  Lines  being  drawn, 
thefe  Lines  will  reprefent  the  beginnings  of  the  Signs  of  the  Zodiack,  at  30  deg.  diftance 
from  each  other. 

But  to  divide  the  Signs  into  every  10th  or  <$th  Degree,  you  muft  divide  the  Circumference 
of  the  Circle  into  36  or  72  equal  Parts.  After  this,  we  denote  the  Characters  of  the  Signs 
upon  each  Line,  as  appears  per  Figure.  And  when  the  Trigon  is  divided  into  every  10th  or 
<$th  Degree,  we  place  the  Letter  of  the  Month  to  the  firft  10  Degrees  of  each  Sign  agreeing 
therewith. 

But  the  Trigon  of  Signs  may  be  readier  made  by  means  of  a  Table  of  the  Sun's  Decli- 
nation ;  for  having  drawn  the  two  Lines  a  b  and  a  c  at  right  Angles,  lay  the  Center  of  a 
Protra&or  on  the  Point  a,  with  its  Limb  towards  the  Point  c;  and  keeping  it  fixed  thus, 
count  23  7  deg.  on  both  fides  the  Radius  a  c,  for  the  Tropicks  of  ®  and  vr,  20  deg.  12  min. 
for  the  beginnings  of  the  Signs  Si,  II,  t  and  ~,  and  11  deg.  30  min.  for  «,  nf,  m  and  W. 
And  in  this  manner  we  divide  the  Spaces  for  each  Sign  into  every  loth  or  $th  deg.  by  means 
of  the  following  Table  of  the  Sun's  Declination.  Note,  The  Equinoctial  Points  of  T  and  £» 
are  placed  at  the  end  of  the  Radius  of  the  Equinoctial  a  c 
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i  TABLE  of  the  Sunrs  declination  for  every  'Degree  of  the  Ecliptick* 


Degrees       i 

Signs. 

•SlgBJ. 

Signs. 

s 

Degrees      j 

i    of  the 

'y>          fcTu 

b    rn. 

n     J 

of  the 

Ecliptick 

D.    M. 

D     M. 

D     M. 

Ecliptick 

I 

0     24 

11     51 

20     25 

29 

2 

0     48 

12     12 

20     36 

28 

3 

1     12 

12     32 

20    48 

27 

4 

1      36 

32         53 

21       0 

26 

5 

2        0 

13         13 

21     11 

25 

6 

2    n 

13      33 

21     21 

24 

7 

2    47 

13      53 

21     32 

23 

8 

.      3      " 

14     12 

21     42 

22 

9 

3      35 

14     32 

21     51 

21 

IO 

3     58 

14     51 

22     00 

20 

II 

4     22 

15        9 

22       8 

19 

12 

4     45 

15      28 

22      17 

18 

13 

5        9 

15     47 

22     24 

17 

14 

5     32 

16       5 

22     32 

16 

15 

5      55 

16     22 

22     39 

15 

i<> 

6      19 

16     40 

22     46 

14 

i7 

6     42 

16     57 

22     52 

13 

18 

7        5 

17      14 

22     57 

12 

19 

7      28 

17     30 

23       2 

11 

IO 

7     5° 

17     47 

23       7 

10 

21 

8      13 

18        3 

23      1 1 

9 

2  2 

8     35 

18      16 

23      15 

8 

S3 

8     58 

18     34 

23      18 

7 

2.4 

9     20 

18     49 

23     21 

6 

-5 

9     42 

19       3 

23     24 

5 

2^ 

10       4 

19     18 

23       2(5^ 

4 

27 

10     26 

19     32 

23      27 

3 

3 

28 

10     47 

19     46 

23      28 

2 

29 

ii        9 

19      59 

23      29 

I 

30 

11      30 

20      12 

23      3° 

O 

x    "a? 

1       as    SI 

vy     35 

Fig.  2. 


By  this  Table  we  may  know  the  Sun's  Declination  and  Diftance  from  the  Equinoctial 
Points  each  Day  at  Noon,  in  every  Degree  of*  the  Signs  of  the  Zodiack,  the  greater!:  Decli- 
nation being  23  deg.  30  min.  tho  at  prefent  it  is  but  about  23  deg.  29  min.  but  a  Minute 
difference  is  of  no  confequence  in  the  Ufe  of  Dials.  The  Degrees  of  the  firft  Column  to 
the  Left-hand,  are  for  the  Signs  fet  down  upon  the  top  of  the  Table,  and  the  Degrees  in  the 
laft  Column  numbered  upwards,  are   for   the  Signs  fet   at   the  bottom  of  the  Table. 

Of  the  Trigon  of  Diurnal  Arcs. 

'The  fecond  Figure  reprefents  the  "Trigon  of  Diurnal  and  Nocturnal  Arcs.  Thefe  are  drawn  upon 
Sun-Dials  by  Curve  Lines,  like  the  Arcs  of  the  Signs,  and  by  means  of  them  the  Shadow  of 
the  Style  fhiews  how  many  Hours  the  Sun  is  above  the  Horizon,  in  any  given  Day,  that  is, 
the  Length  of  the  Day,  and  confequently  the  Length  of  the  Night  too;  for  this  is  the 
Complement  of  that  to  24  Hours. 

The  Trigon  of  Signs  is  the  fame  for  all  Latitudes,  fince  the  Sun's  Declination  is  the  fame 
for  all  the  Earth  :  but  the  Diurnal  Arcs  are  different  for  every  particular  Latitude,  and  we 
draw  as  many  of  thefe  Arcs  upon  a  Dial,  as  there  are  Hours  of  Difference  between  the  k>n<  . 
and  fhortelt  Days  of  the  Year. 

Now  to  conftruct  the  Trigon  of  D'urnal  Arcs  upon  Brafs  or   any  other  folid  Matter, 
draw  the  right  Line  R  Z  for  the  Radius  of  the  Hour-Line  of  12,    or  of  the  Equino&ial ; 
and  about  the  Point  R,  with  any  Opening  of  your  Compalfes  taken  at  pleafure,  defcribe  the 
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circular  Arc  T  S  V,  and  lay  off  both  ways  thereon  from  the  Point  S,  two  Arcs,  each  equal 
to  the  Complement  of  the  Latitude.  For  example,  if  the  Latitude  be  49  deg.  make  the 
Arcs  S  V,  and  ST,  of  41  deg.  each.  This  being  done,  draw  the  right  Line  T  &  V,  and 
about  the  Point  X,  as  a  Center,  defcribe  the  Circumference  of  a  Circle  T  Z  V  Y,  which 
divide  into  48  equal  Parts  by  dotted  Lines,  drawn  parallel  to  the  Radius  of  the  Equinoctial 
R  Z  :  then  thefe  Lines  will  cut  the  Diameter  T  X  V  in  Points,  thro  which  and  the  Point 
R,  you  may  draw  the  Radius's  of  the  Hours.  And  fince  the  longeft  Day  at  Paris  is  \6 
Hours,  and  the  fhorteft  8,  you  need  but  draw  four  Radius's  on  one  Side  the  Line  R  Z,  and 
a  like  Number  on  the  other  Side. 

Moreover,  the  Angles  that  all  the  Radius's  make  at  the  Point  R  may  be  found  Trigono- 
metrically,  by  the  following  Analogy,  viz,.  As  Radius  is  to  the  Tangent  Complement  of  the 
Latitude,  fo  is  the  Tangent  of  the  Difference  between  the  Semidiurnal  Arc  at  the  time  of 
the  Equinox  and  the  Arc  propofed,  to  the  Tangent  of  the  Sun's  requifite  Declination.  For 
example;  Suppofe  it  be  required  to  draw  upon  theTrigon  the  diurnal  Arc  of  1 1  or  13  Hours, 
the  Semidiurnal  Arc  is  5  ~  Hours,  or  6  f  Hours,  and  the  Day  of  the  Equinox  the  diurnal 
Arc  is  12  Hours;  and  confequently  the  Semidiurnal  Arc  is  6  Hours,  and  the  Difference  is 
half  an  Hour  :  therefore  Radius  muft  be  put  for  thefirft  Term  of  the  Analogy,  the  Tangent 
of  41  deg.  (viz,,  the  Complement  of  the  Latitude  of  Paris)  for  the  fecond  Term,  and  the 
Sine  of  7  deg.  30  min.  for  the  third  Term.  Now  the  fourth  Term  being  found,  the  Sun's 
Declination  is  6  deg.  28  min.  South,  when  the  Day  at  Paris  is  11  Hours  long;  and  6  deg. 
28  min.  North,  when  the  Day  is  13  Hours;  and  making  three  other  Analogies,  you  will 
find  that  the  Declination  of  the  diurnal  Arc  of  10  Hours  and  14  Hours,  is  12  deg.  41  min. 
of  9  Hours  and  15  Hours,  18  deg.  25  min.  and  of  8  Hours  and  id  Hours,  23  deg. 
30  min. 

Of  the  Trigon  with  an  Index. 

The  third  Figure  reprefents  the  Trigon  of  Signs  put  upon  a  Rule  or  Index  A,  in  order  Fio. 
to  draw  the  Arcs  of  the  Signs  upon  great  Dials.  The  diurnal  Arcs  may  be  drawn  likewife  &" 
upon  this  Trigon  ;  but  the  Arcs  of  the  Signs  and  diurnal  Arcs  too  mull  not  be  drawn  upon 
one  and  the  fame  Dial,  for  avoiding  Confufion.  In  the  Center  of  the  Index  there  is  a  little 
hole  thro  which  is  put  a  Pin,  that  fo  the  Inftrument  may  turn  about  the  Center  of  a  Dial. 
The  Trigon  ilides  along  the  Index,  and  may  be  fixed  in  any  part  thereof  by  means  of  the 
Screw  B.  The  Arcs  of  the  Signs  with  their  Characters  are  round  about  the  Circumference, 
and  there  is  a  fine  Thread  fixed  in  the  Center  thereof,  in  order  to  extend  over  the  Radii 
quite  to  the  Hour-Lines  of  a  Dal,  as  we  fhall  by  and  by  explain. 

The  fourth  Figure  reprefents  one  half  of  a  Horizontal  Dial,  having  the  Morning  Hour-  Fj~  ^ 
Lines  to  12  a-clock   thereon,  and  the  Equinoctial  Line   CD.     This  being   enougii   of  the 
Dial,   for  explaining  the  Manner  of  drawing  the  Arcs    of  the  Signs  thereon,  by   means  of 
Fi°ure  5,  which  reprefents  a  Trigon  of  Signs   drawn  upon   a  Plate,  on  which  the  Hour- 
Lines  of  an  Horizontal  D.al  are  adjufted  in  the  following  manner  : 

Take  the  Length  of  the  Axis  V  R.  of  the  Horizontal  Dial  between  your  Compaffes,  and 
lav  it  off  on  the  Axis  of  the  Trigon  from  O  to  C  ;  after  this,  take  the  Diftance  from  the 
Center  V  of  the  D>al  to  the  Point  C,  wherein  the  Equinoctial  Line  cuts  the  Hour-Line  of 
12  and  lay  it  off  on  the  Trigon  from  C  to  a,  and  draw  lightly  the  Line  c  a  12,  cutting  all 
the  feven  Lines  of  the  Trigon.  This  being  done,  take  upon  this  Line  the  D. fiance  from  the 
Point  c  to  the  Interferon  of  the  Summer  Tropick,  and  lay  it  off  from  the  Center  V  of  tiie 
Dial  on  the  Hour-Line  of  12,  and  you  will  have  one  Point  thro  which  the  Summer  Tropick 
muft  pafs  j  likewife  take  the  Diftance  from  the  Point  c  to  the  Interferon  of  the  Parallel  of  J, 
and  lay  it  off  on  the  Hour-Line  of  12,  from  the  Center  of  the  Dial,  and  you  will  have  a  Po:iit 
on  the  faid  Hour-Line  thro  which  the  Parallel  of  n  muft  pafs;  likewife  affume  all  the  other 
Distances  on  the  Trigon,  and  lay  them  off  fucceffively  on  the  Hour-Line  of  12  of  the  Dal, 
from  the  Center  to  the  Point  thro  which  the  Winter  Tropick  pafles,  which  muft  be  the  mod 
diftant  from  the  Center  of  the  Dial,  and  you  will  have  the  Points  in  the  Hour-Line  of  12  thro 
which  each  of  the  Parallels  of  the  Signs  muft  pafs.  And  by  proceeding  in  this  manner  with 
the  other  Hour-Lines,  you  will  have  Points  in  them  thro  which  the  Parallels  of  the  Signs  muft 
pafs.  For  example,  Affume  on  the  Hour-Line  of  1 1  of  the  Dial,  the  Diftance  from  the  Cen- 
ter thereof  to  the  Point  wherein  the  Equinoctial  Line  cuts  it,  and  lay  this  Diftance  off  upon 
the  Trigon  from  c  towards  ay  and  draw  the  right  Ligne  C  1 1  ;  then  take  the  D;  fiances  from 
the  Point  c  to  the  Interferon  of  each  of  the  Parallels  of  the  Signs,  and  lay  them  off  from  the 
Center  of  the  Dial,  on  the  Hour-Line  of  1 1,  to  the  Points  2  2,  &c.  and  thofe  will  be  Points 
in  the  Hour-Line  of  1 1,  thro  which  the  Parallels  of  the  Signs  muft  pafs.  Underftand  the 
fame  for  others. 

But  becaufe  the  Hour-Line  of  6  is  parallel  to  the  Equinoctial  Line,  make  this  likewife 
parallel  to  the  Radius  of  the  Equinoctial  oa  on  theTrigon:  and  to  prick  down  the  Line 
for  the  Hour  of  feven  in  the  Evening,  defcribe  an  Arc  about  the  Point  C,  as  a  Center, 
from  the  Line  for  the  Hour  of  6  to  that  for  the  Hour  of  5  ;  and  lay  off  that  Arc  on  the 
other  fide  of  the  Line  for  the  Hour  of  6,  and  then  you  may  draw  the  Hour-Line  of  7, 
which  will  not  meet  the  Summer  Tropick.  Finally,  The  Line  for  the  Hour  of  8  muft 
make  the  fame  Angle  with  the  Line  of  the  Hour  of  6,  as  the  Line  for  the  Hour  of  4  does ; 
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but  It  is  Ufelefs  to  draw  this  Line  for  the  Latitude  of  49  deg.  becaufe  this  Line  being  paral- 
lel to  the  Tropick  of  gg,  cannot  cut  any  one  Radius  of  the  Signs.  Now  the  Points1  thro 
which  the  Arcs  of  the  Signs  muft  pafs,  being  found  on  the  Hour-Lines  of  the  Dial,  you  muft 
join  all  thofe  that  appertain  to  the  fame  Sign  with  an  even  hand;  and  you  will  have  the  Curved 
Arcs  of  the  Signs,  whofe  Characters  muft  be  marked  upon  the  Dial,  as  per  Figure.  Note 
We  fometimes  fet  down  the  Names  of  the  Months,  and  of  fome  remarkable  moveable  Feafts 
upon  the  Dial.  The  Arcs  of  the  Signs  are  drawn  upon  vertical  Dials  in  this  manner  ;  bur. 
here  the  Winter  Tropick  muft  be  nigheft  to  the  Center  of  the  Dial,  and  the  Summer  Tropick 
furtheft  diftant  from  it. 

If  the  Arcs  of  the  Signs  or  diurnal  Arcs  are  to  be  drawn  upon  a  great  Dial    the  third  Fi- 
gure muft  be  ufed  in  the  following  manner  : 
Fig.  6-  Fallen     the    Rule  or  Index   to    the  Center    of   the  Dial   by  a   Pin,    fo  that    it    may 

be  turned  and  fixed  upon  any  Hour-Line,  as  may  be  feen  in  Figure  6 :  then  ha- 
ving fixed  the  Center  of  the  Trigon  upon  the  Index,  at  a  Diftance  from  the  Center 
of  tie  Index  equal  to  the  Diftance  from  the  Center  of  the  Dial  to  the  Extremity  of  the 
Axis  thereof,  by  means  of  the  Screw  R;  take  the  Thread  in  one  Hand,  and  with  the  other 
raife  or  lower  the  Inftrument  upon  the  Plane  of  the  Dial,  fo  that  the  Thread  extended 
along  the  Radius  of  the  Equinoctial  of  the  Trigon,  meets  the  Point  wherein  fome  Hour- 
Line  cuts  the  Equinoctial  Line  of  the  Dial,  and  in  this  Situation  fix  the  Index.  This  being 
done,  extend  the  Thread  along  the  Radius's  of  the  Trigon,  and  prick  down  the  Points  upon 
each  Hour-Line  of  the  Dial,  thro  which  the  Parallels  of  the  Signs  muft  pafs,  both  above  and 
below  the  Equinoctial  Line,  as  we  have  done  on  the  Hour-Line  of  12  of  the  Dial  reprefent- 
cd  in  Figure  6.  And  if  you  do  thus  on  all  the  Hour-Lines  fucceffively  one  after  the  other 
and  the  Points  marked  thereon  appertaining  to  the  fame  Sign,  be  joined  by  an  even  Hand* 
you  will  have  the  Parallels  of  the  Signs  upon  the  Surface  of  the  Dial.  But  to  make  tne 
Points  on  the  Hour-Line  of  <5,  the  Inftrument  muft  be  turned  fo  that  the  Fiducial  Line  of 
the  Index  be  upon  the  Hour-Line  of  12,  and  the  Radius  of  the  Equinoctial  Circle  of  the 
Trigon  parallel  to  the  Hour-Line  of  6.  The  Inftrument  being  thus  fixed,  extend  the 
Thread  along  the  Radius's  of  the  Signs,  until  it  cuts  the  Hour-Line  of  6,  and  the  Points 
where  it  cuts  the  faid  Hour-Line,  will  be  thofe  thro  which  the  Parallels  of  the  Signs  muft; 
pafs  in  that  Hour-Line. 

WThen  the  Arcs  of  the  Signs  are  drawn  on  one  fide  of  the  Dial,  for  example,  on  the 
Morning  Hour-Lines,  you  may  lay  off  the  fame  Diftances  from  the  Center  on  the  Hour-Lines 
of  the  other  fide  the  Meridian  ;  as  the  Points  denoted  on  the  Hour-Line  of  1 1  muft  be  laid 
off  on  the  Hour-Line  of  1,  thofe  on  the  Hour-Line  of  10  on  the  Hour-Line  of  2  ;  and  fo 
draw  the  Arcs  of  the  Signs  on  the  other  fide  of  the  Meridian.  Note,  The  Arcs  of  the  Si: 
are  drawn  upon  declining  Dials  in  the  fame  manner,  if  the  Subftylar  Line  be  made  ufe  of  „ 
Head  of  the  Meridian,  and  the  Diftances  from  the  Center  be  taken  equal  upon  thofe  fHour 
Lines  equally  diftant  on  both  fides  of  the  Subftyle  from  it. 

If  the  diurnal  Arcs  are  to  be  pricked  down  upon  a  Dial  inftead  of  the  Arcs  of  the  Si^ns 
that  is,  the  Length  of  the  Days,  we  may  likewife  put  thereon  the  Hour  of  the  Sun's  rifin^ 
and  fetting,  if  the  Length  of  the  Day  be  divided  into  two  equal  Parts.  For  example  when 
the  Day  is  15  Hours  long,  the  Sun  fets  half  an  Hour  paft  7  in  the  Afternoon,  and  rifes  half 
an  Hour  paft  4  in  the  Morning ;  and  fo  of  others. 

If  the  Arcs  of  the  Signs  are  to  be  drawn  upon  Equinoftial  Dials,  as  on  that  of  Figure  7 
Plate  22,  take  the  length  of  the  Axis  of  the  Style  A  D,  and  lay  it  off  upon  the  Axis  of  the 
Trigon  (of  Figure  y.  Plate  23.)  from  O  to  P,  and  draw  the  Line  P  N  parallel  to  the  Ra- 
dius of  the  Equinoctial ;  this  fhall  cut  the  Summer  Tropick  and  two  other  Parallels  :  then 
take  the  Diftance  from  the  Point  P  to  the  Interfection  of  the  Tropick  of  s  ;  and  with  that 
Diftance  about  the  Center  A  of  the  Dial  draw  a  Circle,  which  fhall  reprefent  the  Tropick  of 
©.  Take  likewife  the  two  other  Diftances  on  the  Parallel  of  the  Trigon,  and  drawr  two 
other  Circles  about  the  Center  of  the  Dial,  the  one  for  the  Parallel  of  n  and  SI  and  the 
other  for  that  of  «  and  ig>,  w hich  may  be  drawn  upon  an  upper  Equinoctial  Dial!  But  if 
this  was  an  under  Equinoctial  Dial,  then  the  above  defcribed  Circles  would  reprefent  the 
Parallels  of  "l,  t ,  YT,  ~  and  X  :  but  as  for  the  Parallels  of  V  and  S»,  they  cannot  be  drawn 
upon  Equinoctial  Dials,  becaufe  when  the  Sun  is  in  the  Plane  of  the  Celeftial  Equator  his 
Rays  fall  parallel  to  the  Surfaces  of  Equinoctial  Dials,  and  the  Shadows  of  their  Styles'  are 
indefinitely  protended. 

The  Horizontal  Line  is  thus  drawn  :  Firft  lay  cff  the  Style's  length  on  the  Hour-Line  of 
6,  and  about  the  Extremity  D  thereof,  defcribe  the  Arc  E  F  (upwards  for  an  upper  Dial) 
equal  to  the  Latitude,  i>/'z,.  40  deg.  for  Paris,  and  draw  the  Line  D  F,  which  fhall  cut  the 
Meridian  in  the  Point  H,  thro  which  the  Horizontal  Line  muft  be  drawn  parallel  to  the 
Hour-Line  of  6,  as  may  be  feen  in  Figure  7,  Plate  22. 

The  Ufe  of  this  Line  is  tofhew  the  rifing  and  fetting  of  the  Sun  at  his  entrance  into 
the  beginning  of  each  Sign.  For  example,  becaufe  it  cuts  the  Tropick  of  Cancer  on  the 
Dial,  in  Points  thro  which  the  Hour-Line  of  4  in  the  Morning,  and  8  in  the  Evening  palfes ; 
therefore  the  Sun  rifes  the  Day  of  the  Solftice  at  4  in  the^Morning,  and  fets  at  *8  in  the 
Evening  at  Paris.    Underftand  the  fame  of  others. 

To 
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To  draw  the  Arcs  of  the  Signs  upon  Polar  Dials. 
The  Dial  being  drawn,  (as  appears  in  Fig.  6.  Plate  22.)  the    dotted  Radii  of  the   Hours 
continued  out  till  they  meet  the  Equinoctial  Line  muft  be  laid  off  fucceffively  upon  the  Ra- 
dius or'  the  Equinoctial  of  the  Trigon   of  Signs  (Figure  5.  Plate  23.)  for  drawing   as  many 
Perpendiculars  thereon  as  there  are  dotted  Radii,  viz,,  one  for  the  Hour  of  12,  and  the  five 
others  for  the  Hours  of   1,  2,  3,  4  and  5,  which  fhall  cut   the   Radii   of  the  Signs   of  the 
Trigon.     This  being  done,  take  the  Diilances  from  the  Radius  of  the  Equinoctial   of  the 
Trigon  upon  the  faid  Perpendiculars,  to  the  Radius's  of  the  other  Signs,  and   lay   them   off 
upon  the  Hour-Lines  of  the  Dal  on  both   fides  the  Equinoctial   Line   A  B.     For  example  ; 
Take  the  Diftance  1 2  vy,  and  lay  it  oft"  on  the  Dial  from  the  Point  C  upon  the  Hour-Line 
of  12,  and  you  will  have  two  Points  in  the  faid  Line    thro  which   the  Tropicks   muft:  pais. 
Likewife  take  the  Space  on  the  Trigon   upon  the  Line  5  Wor  s,  and  lay   it  oft"  upon  the 
Hour-Lines  of  <j  and  7  on  both  fides  the  Equinoctial  Line  of  your  Dial,  and  you  will  have 
Points  in  the  Hour-Lines  of  5  and  7,  thro  which   the  Tropicks  muft:  pafs.     And  in    this 
manner  may  Points  be  found  in  the  other  Hour-Lines  thro  which  the  faidTropicks  muft  pafs  ; 
as  alfo   the  Points   in  the   Hour-Lines  thro  which  the  Parallels  of  the  other  Signs   muft   be 
drawn,  which  being  found  muft  be  joined.     Note,  We  have  only  drawn  the  two  Tropicks 
in  the  figure  of  this  Dial  for  avoiding  Confufion.     And  the  Parallels  of  the  Northern  Signs 
muft  be  drawn  underneath  the  Equinoctial  Line,  and   the   Southern  Signs  above    it.     Alfo 
the  diurnal  Arcs  are  drawn  in  the  fame  manner  as  the  Arcs  of  the  Signs  are. 

How  to  draw  the  Arcs  of  the  Signs  upon  Eafl  and  Weft  Dials. 
The  Arcs  of  the  Signs  are  drawn  nearly  in  the  fame  manner  upon  Eaft  and  Weft  Dials 
as  upon  Polar  ones  :  for  example,  let  it  be  required  to  draw  the  Arcs  of  the  Signs  upon  the 
Weft  Dial  of  Figure  8.  Plate  22.  the  dotted  Radii  of  the  Hours  produced  to  the  Equinoc- 
tial Line  C  D,  muft  be  laid  off  upon  the  Trigon  of  Figure  1.  (Plate  23.)  from  the  Point  a 
upon  the  Radius  of  the  Equinoctial,  that  fo  Perpendiculars  may  be  drawn  upon  the  Trigon 
cutting  the  Radius's  of  the  Signs  ;  after  this,  you  muft  take  upon  the  faid  Perpendiculars  the 
Diftanccs  from  theRadius  of  the  Equinoctial  to  the  Interfection  of  the  Radii  of  the  other  Signs, 
and  lay  them  off  upon  the  Hour-Lines  of  the  Dial,  on  both  fides  the  Equinoctial  Line.  For  ex- 
ample, take  the  Space  6  Vf,  or  6  ©,  and  lay  it  off  on  both  fides  the  Point  D  upon  the  Hour- 
Line  of  6  on  the  Dial  :  Proceed  in  this  manner  for  finding  Points  in  the  other  Hour-Lines  thro 
which  the  Curve  Parallels  of  the  Signs  muft  be  drawn  with  an  even  Hand,  fo  that  the  Nor- 
thern ones  be  under  the  Equinoctial  Line,  and  the  Southern  ones  above  it.  Note,  The  diurnal 
Arcs  are  drawn  in  the  fame  manner;  and  we  have  only  drawn  the  two  Tropicks  thereon  for 
avoiding  Confulion. 

'The  CovftruElion  of  a  Horizontal  Dial,  having  the  Italian  and  Babylonian  Hours  ;  as  alfo  the 

Almacanters  and  Meridians  defended  upon  it. 

Having  already  (hewed  the  manner  of  pricking  down  the  Aftronomical  Hours  upon  Sun- 
Dials,  as  alfo  the  Diurnal  Arcs,  and  Arcs  of  the  Signs,  there  may  yet  be  feveral  other  Cir- 
cles of  the  Sphere  reprefented  upon  Dials,  being  pleafant  and  ufeful,  which  the  Shadow  of 
the  Extremity  of  the  Style  paffes  over  ;  as  the  Italian  and  Babylonian  Hours,  the  Azimuths, 
the  Almacanters,  and  the  Meridians  of  principal  Cities. 

The  firft  Line  of  the  Italian  and  Babylonian  Hours  is  the  Horizon,  like  as  the  firft  Line  of 
the  Aftronomical  Hours  is  the  Meridian  ;  for  the  Italians  begin  to  reckon  their  Hours  when 
the  Center  of  the  Sun  touches  the  Horizon  at  his  fetting,  and  the  Babylonians  when  he  touches 
the  Horizon  at  his  rifing. 

A  general  Method  for  drawing  the  Italian  and  Babylonian  Hours  upon  all  kinds  of  Dials. 

The  Aftronomical  Hour-Lines,  and  the  Equinoctial  Line  being  drawn,  as  alfo  a  Diurnal  Fig.  7. 
Arc  or  Parallel  of  the  Sun's  rifing  for  any  Hour,  at  pleafure,  as,  for  the  Hour  of  4  a:  Paris, 
which  Arc  will  be  the  fame  as  the  Summer  Tropick,  you  may  find  two  Points  (as  we  fhall 
fhew  here)  in  each  of  the  afore  faid  Lines,  viz,,  one  in  the  Equinoctial  Line,  and  the  other 
in  the  Diurnal  Arc  drawn,  by  means  of  which  it  will  not  be  difficult  to  prick  down  the 
Italian  and  Babylonian  Hour-Lines  ;  becaufe  they  being  the  common  Sections  of  great  Circles 
of  the  Sphere  and  a  Dial-Plane,  will  be  reprefented  in  right  Lines  thereon. 

Now  fuppofe  it  be  required  to  draw  the  firft  Babylonian  Hour- Line  upon  the  Horizontal 
Dial  of  Figure  7,  firft  confider  that  when  the  Sun  is  in  the  Equinoctial  he  rifes  at  6,  and  at 
7  he  has  been  up  juft  an  Hour ;  whence  it  follows,  that  the  firft  Babylonian  Hour-Line  muft 
pafs  thro  the  Point  wherein  the  Aftronomical  Hour-Line  of  7  cuts.trVe  Equinoctial  Line; 
the  fecond  thro  the  Interfection  of  the  Hour-Line  of  8  j  the  third  thro  that  of  the  Hour- 
Line  of  9  5  and  fo  of  others. 

But  when  the  Sun  rifes  at  4  in  the  Morning,  the  Point  in  the  Tropick  ct  <b,  wherein 
the  Hour-Line  of  5  cuts  it,  is  that  thro  which  the  firft  Babylonian  Hour-Line  muft  pafs ;  the 
Interfection  of  the  Hour-Line  of  6  in  the  faid  Tropick,  that  thro  which  the  (econd  Babyloni- 
an Hour-Line  muft  pafs  ;  the  Interferon  of  the  Hour-Line  of  7  with  the  faid  Tropick,  that 
Point  thro  which  the  third  Babylonian  Hour-Line  muft  pafs  ;  and   fo   of  others.     Then  if  a 
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Ruler  be  laid  to  the  Point  wherein  the  Hour-Line  of  5  cuts  the  Tropick  of  Cancer-,-  and  on 
the  Point  in  the  Equinoclial  Line  cue  by  the  Hour-Line  of  7,  and  you  draw  a  right  Line 
thro  them ;  this  Line  will  reprefent  the  firfl  Babylonian  Hour-Line.  Proceeding  in  this 
manner  for  the  other  Babylonian  Hour-Lines,  you  will  find  that  the  8th  Babylonian  Hour-Line 
will  pafs  thro  the  Point  the  Tropick  of  Cancer  is  cut  by  the  Aftroncmical  Hour-Line  of 
12,  and  the  Point  in  the  Equinoctial  cut  by  the  Hour-Line  of  12;  and  the  5  th  Babylonian 
J/our-Line  thro  the  Point  in  the  faid  Tropick  cut  by  the  Hour-Line  of  7  in  the  Evening, 
and  trie  Point  in  the  Equinoclial  Line  cut  by  the  Hour-Line  of  5. 

One  of  the  Babylonian  Hour-Lines  being  drawn,  it  is  afterwards  eafy  to  draw  all  the 
others;  becaufe  tney  proceed  orderly  from  one  Aft  ronomical  Hour-Line  to  the  other,  on 
the  Parallel  and  the  Equinoctial  Line,  as  appears  per  Figure.  Finally,  The  Sun  lets  at  the 
1 6th  Babylonian  Hour,  when  the  Day' is  16  Hours  long  :  he  fets  at  the  12th  when  he  is  in 
the  Equinoclial;  and  at  the  8th  when  the  Night  is  16  Hours  long,  becaufe  he  always  rifes  at 
the  24''/'  Babylonian  Hour. 

You  muit  reafon  nearly  in  the  fame  manner  for  pricking  down  the  Italian  Hour-Lines. 
Here  we  always  reckon  the  Sun  to  fet  at  the  24th  Hour  ;  and  confequently  in  Summer, 
when  the  Nights  are  but  8  Hours  long,  he  rifes  at  the  2th  Italian  Hour  ;  at  the  Time  of  the 
Equinox  he  rifes  at  the  izth  Italian  Hour;  and  in  Winter,  when  the  Nights  are  16  Hours 
long,  he  rifes  at  the  16th  Italian  Hour  :  and  therefore  the  Hour-Line  of  the  23 d  Italian  Hour 
mull  pafs  thro  the  Interfeclion  of  the  Aftronomical  Hour-Line  of  7,  and  the  Summer 
Tropick  the  Interfeclion  of  the  Hour-Line  of  5,  and  the  Equinoclial  Line,  and  the  Inter- 
feron of  the  Hour-Line  of  3,  and  the  Winter  Tropick.  But  two  of  the  faid  Points  are 
fufficient  for  drawing  the  faid  Italian  Hour-Line.  The  iid  Italian  Hour-Line  partes  thro 
the  Interfeclion  of  the  Hour-Line  of  6  in  the  Evening,  and  Summer  Tropick,  the  Interfec- 
tion  of  the  Hour-Line  of  4,  and  the  Equinoclial  Line,  and  the  Interfe<5tion  of  the  Hour- 
Line  of  2,  and  the  Winter  Tropick.  Proceeding  on  thus,  you  will  find  that  the  i§th  Italian 
Hour-Line  partes  thro  the  Points  of  the  12th  Equinoclial  Hour,  that  is,  at  the  Time  of 
the  Equinox,  it  is  Noon  at  the  1  Sth  Italian  Hour ;  whereas  at  the  Time  of  the  Summer 
Solftice  it  is  Noon  at  the  16th  Italian  Hour,  and  at  the  Winter  Solflice  it  is  Noon  at  the 
20^/j  Italian  Hour,  in  all  Places  where 'the  Pole  is  elevated  40  Degrees,  as  may  be  feen  in  the 
following  Table. 

A  TABLE  for  dravwig  the  Babylonian  and  Italian  Honr-Lines  upon 

'Dials. 


Babylonian  Hours. 

PrffingmtheVt 
Parallel  of  (Ith' ° 

Italian  Hours. 

1.  2.    3.'  4.  5.    6.  7.    8.    0.  10.  11.  12.  13.  14.  15.  16. 

5.  6.    7.    8.  9.  10.  11.  12.  1.    2.     3.     4.     5.     6.     7.     8. 
7.  8.    9.    10.11.12.    1.    2.  3.    4.     5.     6.     7.     8.     9.   10.' 
9.10.  11.  12.  1.  2.    3.  4.   5.     6.     7.     8.     9.   10.    11.   i2,f 

23.  22.  21.  20.  19.  18.  17.  16.  15.  14.  13.  12.  11.  10.  9.    8. 

Pfi2^heir  thro 
■    Parallel of C 

7.  6.    5.    4.    3.    2.    1.   12.  11.  10.  9.    8.    7.    6.   5.    4: 
5.   4.    3.    2.     1.    12.  11.  10.  9.     8.  7.     6.    5.    4.  3.    2. 
3.2.    1.   12.    11.   10.9.     8.    7.     6.    f.     4.     3.    2.  1.  i2.r 

The  Ufe  of  the  Italian  Hour-Lines  upon  a  Dial   may  be  to  find  the  Time  of  the  Sun's 
"fetting,  in  fubftra&ing  the  Italian  Hour  prefent    from  24 ;  and  by  the  Babylonian  Hours   may 
be  known  the  Time  of  the  Sun's  rifing. 

How  to  draivthe  Almacanters,  and  the  Azimuths. 
Fig.  7.  The  Almacanters  or  Circles  of  Altitude  are  reprefented  upon   the  Horizontal  Dial  by 

concentrick  Circles,  and  the  Azimuths  by  right  Lines  terminating  at  the  Foot  of  the  Style 
B,  which  reprefents  the  Zenith,  and  is  the  common  Center  of  all  the  Almacanters  :  and 
therefore  you  need  but  divide  the  Meridian  B  XII.  into  Degrees, the  Extremity  of  the  Style  C 
being  theCenter;and  theTangentsof  thofe  Degrees  on  theMeridian'will  be  theSemidiameters 
of"  the  Almacanters,which  (hall  terminate  at  the  two  Tropicks.  Now  to  find  thefe  Tangents, 
you  may  ufe  a  Quadrant  like  that  of  Figure  8.  in  this  manner  :'Lay  off  the  Length  of  the 
Style  C  B  from  A  to  H,  and  draw  the  Line  H  I  parallel  to  the  Side  A  C  of  the  Quadrant  ; 
then  will  this  Line  be  divided  into  a  Line  of  Tangents  by  Radii  drawn  from  the  Center  A 
to  the  Degrees  of  the  Limb.  And  thefe  Tangents  may  be  taken  between  your  Compaltes, 
and  laid  off  upon  the  Meridian  Line  B'  XII.  in  fuch  manner,  that  the  90//;  Degree  anfwers 
to  the  Point  B.  But  fince  this  Dial  is  made  for  the  Latitude  of  49  deg.  and  fo  confequently 
the  Sun  in  his  greateft  Altitude  there,  is  but  64  deg;  30  min.  you  need  only  prick  down  this 
greateft  Altitude,  which  will  terminate  at  the  Summer  Tropick. 

This 
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This  being  done,  if  one  of  the  Circles  of  Altitude  be  divided  into  every  10th  deg.  be- 
ginning from  the  Meridian  B  XII.  which  is  the  potb  Azimuth,  and  thro  th'efe  Points  of 
Divifion  right  Lines  are  drawn  to  the  Foot  of  the  Style  B:  thefe  right  Lines  will  repfefent 
the  Azimuths  or  vertical  Circles.  We  have  not  drawn  them  upon  the  Dial,  for  avoiding 
Confufion,  but  they  may  be  eafily  conceived. 

.  Now  the  Ufe  or  the  Almacanters.  is  to  fhew  the  Sun's  Altitude  above  the  Horizon  at  any 
time,  and  of  the  Azimuths,  to  fhew  what  Azimuth  or  vertical  Circle  the  Sun  is  in  :  and 
this  is  known  by  obferving^  what  Circle  of  Altitude  or  Azimuth  Line,  the  Shadow  of  the 
Extremity  of  the  Style  of  the  Dial  falls  upon. 

How  to  draw  the  Meridians  or  Circles  of  'Terrefirial  Longitude  upon  the  Horizontal  Dial. 

About  the  Point  D,  the  Center  of  the  Equinoctial  Circle,  defcribe  the  Circumference  of  Flg-  7- 
a  Circle,  and  divide  it  into  3  60  equal  Parts  or  Degrees,  or  only  into  36  Parts,  for  every 
loth  Degree  ;  then  from  the  Hour-Line  of  12,  which  represents  the  Meridian  of  the  Place 
for  which  the  Dial  is  made,  viz..  Paris,  count  20  deg.  Weft  ward  for  its  Longitude,  or  Dif- 
tance  from  the  flrft  Meridian  paffing  thro  the  Point  G  ;  on  which  having  wrote  the  Number 
360,  prolong  the  Line  G  D  to  E,  in  the  Equinoctial  Line,  and  afterwards  from  the  Center 
A  draw  the  firft  Meridian  thro  E,  which  paries  thro  the  Ifland  de  Fer,  and  fo  of  others. 
But  it  will  be  eafier  to  draw  the  Meridians  eaftwardly  for  every  ph  or  10th  Degree,  and 
place  thofe  principal  Cities  upon  them,  whofe  Longitudes  you  know  :  as,  tor  example, 
Rome  is  107  deg.  more  eaftwardly  than  Paris,  Vienna  15  deg.  more  eaftwardly  man  the  fad 
City  of  Paris,  and  fo  of  other  eminent  Cities,  whofe  Differences  of  Meridians  from  that  of 
Paris,  are  known  by  a  good  Globe,  or  Map,  made  according  to  the  exact  Obfervations  of 
the  Academy  of  Sciences. 

The  Ufe  of  thefe  Meridians  on  the  Dial,  is,  to  tell  at  any  time  when  the  Sun  fhines 
thereon,  what  Hour  then  it  is  under  any  one  of  the  faid  Meridians,  in  adding  to  the  time 
of  Day  at  Paris,  (for  which  the  Dial  is  made)  as  many  Hours  as  there  are  times  15  deg.  of 
Difference  between  the  Meridians,  .and. if  min.  of  an  Hour  for  every  Degree. 

For  example  ;  When  it  is  Noon  by  this  Dial  at  Paris,  it  will  be  One  a-clock  at  Vienna, 
becaufe  this  City  is  more  to  the  Eaft  than  Paris  by  1 5  deg.  and  confequeatly  receives  the 
Sun's  Light  fooner  than  Paris  does.  And  at  Rome  it  will  be  42  min.  pai'c  12,  becaufe  it  is 
10  7  deg.  more  eaftward  than  Paris,  and  fo  of  others.  Thefe  Lines  of  Longitude  repre- 
fent  the  Meridians  of  the  Places  attributed  to  them  ;  fo  that  when  the  Shadow  of  the  Style 
falls  upon  any  one  of  them,  it  will  be  Noon  under  that  Meridian. 

C  H  A  P.     IV. 

3    0 

Of  the  Conftrufiion  and  Vfes  of  Jnflruments  for  drawing  Dials 

upon  different  Planes. 

TH  E  eighth  Figure  reprefents  a  Quadrant  made  of  Brafs  or  any  folid  Matter,  of  a  big-  Fig.  8, 
nefs  at  pleafure,  having  the  Limb  divided  into  oo  Degrees.  The  Ufe  of  this  Qua- 
drant-may  be  to  find  the  Lengths  of  Tangents,  and  by  this  means  to  divide  aright  Line 
into  Decrees,  as  we  did  the  Meridian  of  the  Horizontal  Dial  (Fig.  7.)  we  may  find  likewife 
thereon  the  Divifions  of  the  Equinoctial  Line  thro  which  the,L[our-Lines  muft  pafs,  in  re- 
gular Dials;  as  alfo  in  declining  Dials,  if  the  Subftyle  falls  exactly  upon  a  compleat  Hour- 
Line,  by  laying  oft*  the  Length  of  the  Radius  of  the  Equinoctial  Circle,  from  the  Center  A 
to  H  or  L,  and  drawing  a  right  Line,  as  H  I  or  L  M,  parallel  to  the. Radius  of  the  Qua- 
drant AC  For  example,  the  Length  L  1  or  11,  anfwering  to  15  deg.  of  the  Quadrant, 
fhall  be  the  Tangent  of  the  firft  Hour-Line's  diftance  from  the  Meridian  or  Subftyle  of  trie 
Dial,  which  being  laid  off  upon  the  Equinoctial  Line,  whofe  Radius  is  fuppofed  equal  to 
A  L  will  determine  a  Point  therein  thro  which  the. faid  Hour-Line  muft  be  drawn.  L  12, 
anfwering  to  30  deg.  of  the  Limb,  of  the  Quadrant,  will  be  the  Tangent  of  the "fecond 
Hour-Line's  diftance  from  the  Meridian  or  Subftyle.  L  3,  the  Tangent  of  45  deg.  will  be 
that  of  the  third,  and  fo  on.  Now  if  by  this  means  you  draw  the  Hour-Lines  of  three  Hours 
fucceffively  on  each  fide  the  Meridian  or  Subftyle,  which  in  all  make  fix  Hours  fucceftively ; 
thefe  are  fufEcient  for  finding  the  Hour-Lines  of  the  other  Hours,  according  to  the  Method 
before  explained  in  fpeaking  of  declining  Dials,  and  which  may  be  even  applied  to  all  re- 
gular Dials.  For  example,  If  the  Hour-Lines  of  fix  Hours  fucceffive  be  drawn  upon  an 
Horizontal  Dial,  as,  from  9  in  the  Morning  to. 3  in  the  Afternoon,  you  may  draw  all  the 
other  Hour-Lines  of  the  Dial  by  the  aforefaid  Method  ;  as  the  Hour-Lines  of  7  and  8  in 
the  Morning,  and  4  and  5    in  the  Afternoon,  whofe   Points   in  the  Equinoctial  Line  are 
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fometimes  troublefome  to  be  pricked  down,  and  principally  the  Points  of  the  Hour-Lines  of 
5  and   7,  becaufe  of  the  Lengths  of  their  Tangents. 

The  Hour-Lines  found  by  the  abovefaid  Method,  which  we  fhall  not  here  repeat,  will 
ferve  for  finding  of  others  ;  and  thefe  which  are  lafl  found  being  produced  beyond  the  Cen- 
ter, will  give  the  oppolite  ones. 

The  (aid  Quadrant  will  ferve  moreover  as  a  Portable  Dial,  fince  the  Hour-Lines  may  be 
drawn  upon  it  by  means  of  a  Table  of  the  Sun's  Altitude  above  the  Horizon  of  the  Place 
for  which  the  Dial  is  to  be  made.     See  more  of  this  in  the  next  Chapter. 

The  Conflrutlicn   cf  a  moveable  Horizontal  Dial. 
Fig.  9.  This  Inflrument  is  compofed  of  two  very  fmooth  and  even  Plates  of  Erafs,  or  other  folid 

Matter,  adjufled  upon  each  other,  and  joined  together  by  means  of  a  round  Rivet  in  the 
Center  A.  The  undermofl  Plate  is  fquare,  the  Length  of  the  Side  thereof  being  from  6 
to  8  Inches,  and  is  divided  into  twice  00  Degrees  ;  by  means  of  which,  the  Declinations  of 
Planes  may  be  taken.  The  upper  Plate  is  round,  being  about  8  Lines  fhorter  in  Diameter 
than  is  the  Length  of  the  Side  of  the  under  Plate,  and  having  a  little  Index  joined  to  the 
Hcur-Lmeof  12,  (hewing  the  Degree  of  a  Plane's  Declination, 

About  the  Center  A  is  drawn  an  Horizontal  Dial  upon  the  upper  Plate,  for  the  Latitude 
of  the  Place  it  is  to ■  be  ufed  in,  and  the  Axis  Bisfo  adjufled,  that  the  Point  thereof  ter- 
minates in  the  Center  A,  wherein  a  fmall  Hole  is  made  for  a  Thread  to  come  thro.  There 
is  alfo  a  Compals  D  fattened  to  this  upper  Plate,  having  a  Line  in  the  bottom  of  the  Box, 
fiiewing  the  Variation  of  the  Needle. 

The  Ufe  of  the  moveable  Horizontal  Dial. 

The  U'e  of  this  Inflrument  is  for  drawing  Dials  upon  any  Planes,  of  whatfoever  Situa- 
tions ;  (as  on  declining  inclining  Planes,  or  both)  in  the  following  manner  : 

Firfl  draw  a  Horizontal  or  level  Line  upon  the  propofed  Plane  ;  place  that  fide  of  the 
Square  along  this  Line,  whereon  is  wrote  the  Side  applied  to  the  Wall,  and  turn  tae  Horizontal 
Dial  till  the  Needle  fettles  itfelf  over  the  Line  of  Declination  in  the  bottom  of  the  Box: 
then  extend  the  Thread  along  the  Axis  of  the  Dial  till  it  meets  the  Plane,  and  the  Point 
wherein  it  meets  the  faid  Plane  will  be  the  Center  ot  the  Dial.  This  being  done,  extend 
the  Thread  along  each  of  the  Hour-Lines  of  the  Horizontal  Dial  that  the  Plane  can  receive, 
and  mark  the  Points  on  the  Horizontal  Line  upon  rhe  Plane,  cut  by  the  Thread  :  then  if 
Lines  be  drawn  from  the  Center .found .on  the  Plane  thro  each  of  thofe  Points,  thofe  will 
be  the  refpe&ive  Hour-Lines  that  the  Thread  was  extended  along  on  the  Horizontal  Dial^ 
and  mufl  have  the  fame  Figures  fct  to  them.  Note,  If  the  Dial  be  vertical,  not  having  any 
Declination,  the  Hour-Line  of  12  will  be  perpendicular  to  the  Horizontal  Line  of  the  Plane. 

The  Subflylar  Lire  is  drawn  thro  the  Center  of  the  Plane,  and  the  Angular  Point  of  a 
Square,  <  ne  Side  whereof  being  laid  along  the  Horizontal  Line,  and  the  otiier  Side  touch- 
in"  tlie  Style  of  the  Horizontal  Dial. 

Again,  The  Di fiance  from  the  Side  of  the  Square  laid  along  the  Plane  to  the  Axis,  is  the 
Length  of  the  right  Style,  which  being  laid  along  in  the  fame  Place  ac  right  Angles  to  the 
Subflyle,  you  may  draw  the  Axis  from  the  Center  to  the  Extremity  thereof ;  which  may  be 
formed  on  the  Plane  by  means  of  an  Iron  Red,  parallel  to  the  Situation  of  the  Thread  ex- 
tended along  the  Axis  of  the  Horizontal  Dial,  and  mufl  be  fuflained  by  a  Prop  planted  in 
the  Plane  perpendicular  to  the  Subflyle. 

If  you  have  a  mind  to  have  a  right  Style  only,  fome  Point  mufl  be  fought  in  the  Subflyle 
diftant  from  the  Center  of  the  Dial,  proportional  to  the  bignefs  of  the  Dial,  and  an  Iron- 
Rod  mufl  be  fet  up  perpendicularly  therein  :  but  the  Point  of  this  Rod  mufl  touch  the 
Thread  extended  along  the  Axis.  Finally,  You  may  give  what  Figure  you  pleafe  to  the 
Dial,  and  produce  the  Hour-Lines  as  is  neceiTary,  according  to  the  bignefs  of  the  Plane. 
If  a  great  Dial  is  to  be  drawn,  you  may  place  the  Inflrument  at  a  Diftance  from  the  Plane 
it  is  to  be  drawn  on  ;  but  then  you  mufl  take  care  that  it  be  very  level,  and  the  Side  thereof 
parallel  to  the  Plane.  And  if  North  Dials  are  to  be  drawn,  having  firfl  found  the  Decli- 
nation of  the  Plane,  for  example,  45  deg.  North-weflwardly,  place  the  Index  of  the  Dial 
over  the  Degree  of  the  oppofite  Declination  on  the  fquare  Plate,  viz,,  over  45  de^.  South- 
eaftwardly,  then  invert  the  whole  Inflrument,  and  extend  the  Thread  along  the  Axis,  that 
fo  the  Center  of  the  Dial  may  be  found  upon  the  Piane  underneath  the  Horizontal  Line,  on 
which  having  pricked  down  the  Points  thro  which  the  Hour-Lines  mufl  pals,  you  may  draw 
them  to  the  Center,  and  then  proceed  as  before. 

The  ConfiruEiion  cf  the  Sciaterra. 
Fig.  10.  This  Inflrument  is  compofed  of  an  Equinoctial  Circle  A,  made  of  Brafs  or  any  other  folid 

Matter,  adjufled  upon  a  Quadrant  B.  The  Point  of  the  Hour  ot  12  of  this  Equinoctial  Circle 
is  faftened  to  one  end  of  the  Quad rant,and  a  little  Steel  Cylinder  about  two  Lines  in  Diameter, 
ferving  for  an  Axis,  and  going  thro  the  Center  of  the  Equinoctial  Circle,  is  fo  fixed  to  the 
other  end  C  of  the  Quadrant,  as  to  keep  the  faid  Equinoctial  Circle  fixed  at  right  Angles  to 
the  Quadrant. 

The 
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The  Quadrant  is  divided  into  oo  deg.  and  is  made  to  flicle  on  the  Top  of  the  Piece  L, 
according  to  different  Elevations  of  the  Pole.  The  little  Ball  G  is  hjang  at  the  end  of  a 
Thread,  whole  other  end  is  fallened  to  the  Top  of  an  upright  Line  on  the  Piece  L,  and  Co 
by  means  of  this,  and  the  Ball  and  Socket  H,  the  Inftrument  may  be  fet  uprigfit.  Tne 
Pece  I  is  of  Steel,  and  the  end  thereof  is  forced  into  a  Wall  or  Piane,  to  fapp  ort  the  whole 
Inftrument  when  it  is  to  be  ufed.  The  Figure  D  is  the  Trigon  of  Signs  puc  on  tne  Axis, 
and  turns  about  the  lame  by  means  of  a  Ferril.  This  Trigon  has  a  Tnread  F  fattened  to 
the  Extremity  thereof,  and  there  is  another  Thread  E  fallened  to  the  Center  of  the  Dal. 
But  note,  we  do  not  place  the  Trigon  upon  the  Axis,  unlefs  when  the  Arcs  of  the  Signs  are 
to  be  drawn  upon  Dials. 

The  Ufe  of  the  Sciaterra. 
•  You  mud  firft  force  the  Steel  Point  I,  into  theWall  or  Plane  whereon  a  D'al  is  to  be  drawn, 
and  place  the  Quadrant  to  the  Degree  of  the  Elevation  of  the  Pole  :  then  you  mull  take  a 
Square  Compafs,  and  lay  the  Side  thereof  along  the  Plane  of  the  Quid  rant,  and  turn  the 
Inftrument  until  the  Needle  fixes  itfelf  directly  over  the  Line  ot  DeeJ'ii  a:ion  ;  or  if  you 
have  not  a  Compafs  when  the-.  Sun  fhines;  and  the  Hour  of  the  Day  is  known,  turn  the  In- 
ftrument till  the  Shadow  of  the  Axis  falls  upon  the  Hour  of  the  Day  upon  tne  Equinoctial 
Circle. 

The  Inftrument  being  thus  difpofed,  extend  the  Thread  E  from  the  Center  alorg  the  Axis 
till  it  meets  the  Wall  or  Piane  propofed,  and  there  make  a  Point  for  the  Center  of  the  D  al  : 
then  extending  the  faid  Thread  over  each  Hour  of  the  Equinoctial,  note  the  Points  wherein 
it  meets  the  Wall  or  Plane,  and  draw  Lines  from  the  Center  (oetore  found)  rhrr)  tnem, 
and  thofe  will  be  the  Hour-Lines.  After  this,  you  may  give  the  D.al  what  Figure  \ou 
pleafe,  and  fet  the  fame  Figures  upon  the  Hour-L:nes  as  are  upon  the  correfpondent  Hours 
of  the  Equinoctial  Circle.  Note,  The  Style  is  fet  up  in  the  manner  we  have  mentioned  in 
fpeaking  of  the  moveable  Horizontal  Dial. 

If  the  Arcs  of  the  Signs,  or  diurnal  Arcs,  are  to  be  drawn  upon  the  Da!,  you  mud  put 
the  Ferril  at  the  end  ot  the  Trigon  upon  the  Axis,  and  fix  it  over  eac a  Hur  of.  the 
Equim  cttal  one  after  another  by  means  of  the  Screw  :  then  extending  the  Tnread  F  along 
the  Lines  appertaining  to  each  Sign,  mark  as  many  Points  on  each  Hour-Line  on  the  Wall 
or  Plane,  and  join  tfeem  by  curve  Lines,  which  fhall  form  the  Arcs  of  the  Signs,  whereon 
mull  be  fet  theU?  respective  Characters. 

The  Arcs  of  the  Signs  may  be  otherwife  drawn  in  the  following  manner  :  The  Axis  of  the 
Dal  being  well  fixed,  chute  a  Point  in  the  fame  for  the  Extremity  of  the  right  Style,  repre- 
fenting  the  Center  of  the  Earth  ;  and  upon  this  Ax:s  put  the  Ferril  of  the  Trigon  in  fuch, 
manner,  that  the  Extremity  of  the  right  Style  exactly  anfwers  to  the  Vertex  of  the  Trigon, 
reprefenting  the  Center  of  the  Equinoctial  and.  the  World.  Then  having  fixed  the  Trigon 
by  means  of  the  Screw  preffing  againft  the  Axis,  turn  it  fo  that  one  of  the  Planes  thereof 
(for  the  Signs  ought  to  be  drawn  upon  both  fides)  falls  exactly  upon  the  Hour-Lines  one 
after  another,  and  extend  the  Thread  F  along  the  Radius's  of  the  Signs  on  the  Trigon,  and 
by  means  thereof  mark  Points  upo-n  each  Hour-Line  of  the  Wall  or  Plane  :  and  if  thefe 
Points  be  joined,  we  (hall  have  the  Arcs  ot  the  Signs. 

Proceed  thus  for  drawing  North  Dais,  as  likewife  inclining  and  declining  Dials,  in  obfer- 
ving  to  invert  the  Inftrument  when  the  Centers  of  the  Dials  are  downwards. 

The  ConftruBion  of  M.  Pardie's  Sciaterra. 
This  Inftrument,  which  is  made  of  Brafs  or  other  folid  Matter,  of  a  bignefs  at  pleafure,  pig.  n, 
confills  of  four  principal  Pieces  or  Parts.  The  firft  is  a  very  even  fquare  Plate  D,  called 
the  Horizontal  Plane,  becaufe  it  is  placed  horizontal  or  level  when  uling,  having  a  round 
Hole  E  in  the  middle,  wherein  is  placed  a  Pivot,  upon  which  turns  the  fecond  Piece,  called 
the  Meridional  Plane,  in  fuch  manner  that  the  faid  Piece  is  always  at  right  Angles  to  the 
Horizontal  Plane  On  the  narrow  fide.  C  of  this  Piece  is  faftened  a  Plumb-Line,  whofe  ufe  is 
for  placing  the  Inftrument  level.  The  Top  ot  this  Piece  is  cut  away  into  a  concave  Quadrant, 
both  fides  of  which  are  divided  into  90  deg.  beginning  from  the  Perpendicular  anfwering  to 
the  middle  of  the  Pivot,  and  there  is  a  pretty  deep  flit  made  down  the  middle  of  this  Qua- 
drant to  receive  a  prominent  Piece  of  a  Semi-circle  H,  which  is  the  third  principal  part, 
that  fo  the  faid  Semi-circle  may  be  in  the  fame  Plane  as  the  fecond  Piece  is,  and  likewife 
be  raifed  or  lowered  according  to  different  Elevations  of  the  Pole.  The  Diameter  of  this 
Semi-circle  is  called  the  Axis,  and  the  Center  thereof  is  (imply  called  the  Center  of  the  In- 
ftrument, like  as  the  Thread  faftened  thereto  is  called  the  central  Thread.  The  fourth  Piece 
A  is  a  very  even  Circle,  both  hdes  thereof  being  divided  into  24  equal  Parts,  tor  the  24 
Hours  of  the  Day  ;  and  this  is  fixed  at  right  Angles  to  the  Semicircle  H,  and  fo  moves  along 
with  it.  One  of  the  fides  thereof  is  called  the  upper-fide,  and  the  other  the  under-fide. 
TheTrigon  of  Signs  is  drawn  (in  the  manner  before  explained)  upon  both  fides  of  the  Semi- 
circle, having  the  Point  A,  the  Extremity  of  the  Diameter  of  the  Equinoctial  Circle,  for 
the  Vertex  thereof. 
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The  Ufe  of  this  Inflrument. 

Having  firft  placed  the  Points  of  T  and  &  of  the  Semi-circle  upon  the  Degree  of  the 
Elevation  of  the  Pole  in  the  Place  for  which  you  would  draw  a  Dial,  fet  the  Inftrument  upon 
a  fixed  Horizontal  Plane,  near  to  the  Wall  or  Plane  you  are  to  draw  a  Dial  on.  Then  turn 
the  Meridional  Plane  till  the  Shadow  of  the  Equinoctial  Circle  falls  upon  the  Day  of  the 
Month  or  Degree  of  the  Sign  on  the  Axis  the  Sun  is  in.  This  being  done,  the  Shadow  of 
the  faid  Axis  or  Diameter  of  the  Semi-circle  H,  will  (hew  the  time  of  Day  upon  the 
Equinoctial  Circle,  and  the  whole  Inftrument  will  be  well  fituated,  the  Meridional  Plane 
anfwering  to  the  Meridian  of  the  Heavens,  the  Equinoctial  Circle  parallel  to  the  Ceieftial 
Equinoctial  Circle,  and  the  Axis  of  the  Dial  parallel  to  the  Axis  of  the  World.  This  being 
done,  extend  the  Thread  F  fattened  to  the  Center,  along  the  Axis  to  the  Wail  or  Plane 
you  are  to  draw  a  Dial  on,  and  the  Point  wherein  it  meets  the  Wall  will  be  the  Center  of 
the  Dial.  The  faid  Thread  thus  extended  will  likewife  give  the  Pofition  of  the  Style  or 
Axis  of  the  Dial ;  for  if  an  Iron  Rod  be  placed  in  the  faid  Point  of  Concourfe,  and  in  the 
fame  Situation  as  the  Thread  is,  this  will  be  the  Style  of  the  Dial  :  but  if  you  have  a  mind 
to  have  a  right  Style  only,  you  need  but  fet  up  a  Rod  in  the  Wall  or  Plane,  whofe  end 
touches  the  Thread  extended  along  the  Axis  of  the  Inftrument ;  and  this  Rod  may  have  what 
Figure  you  pleafe  given  to  it,  as  a  Serpent  or  Bird,  provided  the  Extremity  of  the  Bill  thereof 
meets  the  faid  Thread. 

Now  to  mark  the  Hour-Lines  upon  the  Dial,  extend  the  Thread  from  the  Center  over 
the  Plane  of  the  Equinoctial  Circle  along  the  Hour-Lines  thereof  one  after  another,  until  it 
meets  the  Wall  :  then  if  Lines  be  drawn  from  the  Center  of  the  Dial  to  the  faid  Points  of 
Concourfe,  thefe  will  be  the  Hour-Lines.  But  the  Hour-Lines  may  be  othenvife  pricked 
down  in  the  Night,  by  the  light  of  a  Link  or  Candle  ;  for  the  central  Thread  being  firft 
extended  along  the  Axis,  and  fattened  to  the  Wall,  afterwards  move  the  Link  till  the  Shadow 
of  the  Axis  falls  upon  any  given  Hour  upon  the  Equino&ial  Circle,  and  then  the  Shadow 
of  the  faid  extended  Thread  upon  the  Wall  will  be  the  fame  Hour-Line,- and  by  draw- 
ing a  Line  upon  the  Wrall  along  the  fame  with  a  Pencil,  that  will  be  the  Hour- 
Line. 

Proceed  thus  for  drawing  the  other  Hour-Lines.  Note,  This  Method  of  drawing  Dials 
is  a  very  good  one,  particularly  when  a  Surface  is  not  flat  and  even,  or  when  the  Center  of 
the  Dial  falls  at  a  great  Diftance.  You  muft  obferve  likewife,  that  the  Shadow  of  the 
Axis  of  the  Inftrument  fhews  the  Time  of  Day  on  the  upper-fide  of  the  Equinoctial  Circle 
from  the  20th'  of  March  (N.  S.)  to  the  nd  of  September,  and  on  the  under-fide  the  other  fix 
Months;  and  the  fide  of  the  Equinoctial  Circle  that  the  Sun  fhines  upon,  muft  always  but  juft 
touch  the  Center  of  the  Semi-circle. 
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C  H  A  P.     V. 

Of  the  Conftruffion  andVfes  of  Portable  Dials, 

Of   the  Conflrutlion  of  a  Globe. 

Fig.  12.  npHIS  Figure  reprefents  a  Globe,  whereon  are  drawn  the  Meridians  or  Hour-Circles. 
J!  There  are  divers  fizes  of  them  ;  the  great  ones  are  fet  up  in  Gardens,  and  are  of 
StoYie  or  Wood  well  painted,  and  the  fmall  ones  are  made  of  Brats,  having  Compafles  be- 
longing to  them,  and  may  be  reckoned  among  the  Number  of  Portable  Dials. 

The  manner  of  turning  round  Balls  of  any  Matter  is  well  known,  but.  if.  a  large  Stone- 
Ball  is  to  be  made,  that  cannot  be  turned  becaufe  of  its  Weight  :  firft,  you  mult  nighly 
form  it  with  aChiflel,  and  then  take  a  wooden  or  brafs  Semi-circle  of  the  fame  Diameter 
as  you  defign  your  Ball.  This  being  done,  turn  the  Semi-circle  about  the  Ball,  and  take 
away  all  the  Superfluities  with  a  Rafpe,  until  the  Semi-circle  every  where  and  way  juft 
touches  the  Superficies  thereof;  afterwards  make  it  fmooth  with  a  Pumice-Stone  or  Sca-Do«- 
Fifh's  Skin,  &c.  & 

The  Globe  being  well  rounded  and  made  fmooth,  you  muft  take  the  Diameter  thereof 
with  a  Pair  of  Spheric  Compafies,  viz,,  fuch  whofe  Points  are  crooked,  which  fuppofe  the 
right  Line  A  B  ;  this  Line  is  divided  into  two  equal  Parts  in  E  by  the  vertical  Line  Z.N, 
the  upper  Point  whereof  Z,  reprefents  the  Zenith,  and  the  lower  one  N,  the  Nadir.  Now, 
fet  one  Point  of  the  Spheric  Compafies  in  E,  and  extend  the  other  to  A,  and  draw  the 
Meridian  Circle  AZBN;  likewife  fetting  one  Foot  of  your  Compalles  in  Z,  with  the  laft 
Opening  defcribe  the  Circle  A  E  B,  reprefenting  the  Horizon  ;  and  from  the  Point  B  to  C 
count  49  deg.  the  Elevation  of  the  Pole  on  the  Meridian,  and  fetting  one  Foot  of  your 
Compalles  in  the  Point  C,  reprefenting  the  North  Pole,  extend  the  other  to  41  deg.  on  the 
Meridian  below  the  Point  B,  and  draw  the  Equinoctial  Circle  ;  likewife  fetting  one  Foot  of 

your 
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your  Companies,  opened  to  the  fame  Diftance  as  before,  upon  the  Point  in  the  Meridian  cut  by 
the  Equinoctial,  you  may  draw  the  Hour-Circle  of  6  palling  thro  the  Poles  C  and  D.  By  this 
means  the  Equinoctial  fhail  be  divided  into  four  equal  Parts  by  the  Meridian  and  Hour- 
Circle  of  6  ;  and  if  each  ot  thefe  four  Parts  be  divided  into  fix  equal  Parts,  for  the  24  Hours 
of  a  Natural  Day,  and  about  the  Points  of  Divifion  as  Centers,  with  the  extent  of  a  Qua- 
drant of  the  Globe,  Circles  be  defcribed  ;  thefe  will  all  pafs  thro  the  Poles  of  the  World 
C  and  D,  and  are  the  Hour-Circles.  If  you  have  a  mind  to  have  the  half  Hours  or  Quar- 
ters, each  of  the  Divifions  on  the  Equinoctial  muft;  be  divided  into  2  or  4  equal  Parts. 
The  Hour-Circles  are  numbered  round  the  Equinoctial  both  above  and  below  it,  as  appears 
per  Figure. 

If  the  Parallels  of  the  Signs  are  to  be  drawn  upon  the  Globe,  you  mufl  count  upon  the 
Meridian  both  ways  for  the  Equinoctial,  the  Declination  for  every  Sign,  according  to  the 
Table  expreifed  ;  as,  for  example,  for  the  two  Tropicks  you  mufl  count  23  deg.  30  min, 
from  the  Equinoctial,  and  about  the  Poles  C  and  D,  draw  Circles  on  the  Globe.  'Note, 
The  two  Polar  Circles  mufl:  be  drawn  at  23  deg.  30  min.  from  the  Poles,  or  66  deg.  30  min. 
from  the  Equinoctial. 

The  Globe  thus  ordered  muft  be  placed  upon  a  Pedeftal  proportionable  to  the  bignefs 
thereof  in  a  Hole  made  in  the  Nadir  N,  diftant  from  the  Pole  the  Complement  of  its  Ele- 
vation (viz,.  41  deg.)  and  fixed  in  a  Garden,  or  elfe where,  well  expofed  to  the  Sun,  fo  as  to 
be  conformable  to  the  Sphere  of  the  World. 

But  if  it  be  a  fmall  Portable  Globe,  we  place  a  little  Compafs  upon  the  Pedeftal  thereof, 
that  fo  the  Globe  may  be  fet  North  and  South  when  the  Hour  of  the  Day  is  to  be  fhewn 
thereby,  which  is  fhewn  thereon  without  a  Style,  by  the  Shadow  of  the  fame  Globe  :  for 
the  Shadow  or  Light  thereon  always  occupies  one  half  of  the  Globe's  Convexity,  when  the 
Sun  fhines  upon  it ;  and  fo  the  Extremity  of  the  Shadow  or  Light  fhews  the  Hour  in  two 
oppofite  Places.  If,  moreover,  the  different  Countries  on  the  Earth's  Superficies,  as  likewife 
the  principal  Cities,  are  laid  down  upon  the  Globe  according  to  their  true  Latitudes  and 
Longitudes,  you  may  difcover  any  Moment  the  Sun  fhines  upon  the  fame,  by  the  illumi- 
nated part  thereof,  what  Places  of  the  Earth  the  Sun  fhines  upon,  and  what  Piaces  are  in 
darknefs.  The  Extremity  of  the  Shadow  fhews  likewife  what  Places  the  Sun  is  rifing  or: 
fetting  at ;  and  what  Places  have  long  Days,  and  what  have  fliort  Nights  :  you  may  like- 
wife  diftinguifh  thereon  the  Places  towards  the  Poles  that  have  perpetual  Night  and  Day. 
AH  this  is  eafy  to  be  understood  by  thofe  who  are  acquainted  with  the  Nature  of  the  Sphere. 
Note,  This  Dial  is  the  mod:  natural  of  all  others,  becaufe  it  refembles  the  Earth  ufclf,  and 
the  Sun  fhines  thereon  as  he  does  on  the  Earth. 

You  may  find  the  Hour  of  the  Day  otherwife,  by  means  of  a  thin  brafs  Semi-circle  di- 
vided into  twice  90  deg.  adjufted  to  the  Poles  or  Extremes  of  the  Axis,  by  help  of  two  lit- 
tle Ferrils.  This  Semi-circle  being  turned  about  the  Globe  with  your  Hand,  until  it  only 
makes  a  perpendicular  Shadow  upon  the  Globe,  reprefents  the  Hour-Circle  wherein  the  Sun 
is  and  confequently  fhews  the  Hour  of  the  Day,  and  alfo  what  Places  of  the  Earth  it  is 
Noon  at  that  Time.  But  in  this  Cafe  the  Number  12  muft  be  fet  to  the  Meridian,  and  the 
Numbers  6  and  6  to  the  two  Points  wherein  the  Equinoctial  cuts  the  Horizon  :  and  this  is 
the  reafon  why  we  commonly  place  two  rows  of  Figures  along  the  Equinoctial.  The  Shadow 
of  the  two  ends  of  the  Axis,  if  they  are  continued  out  far  enough  beyond  the  Poles,  and 
the  Hours  are  figured  round  the  Polar  Circles,  will  likewife  fhew  the  Hour.  Nte,  la 
order  to  make  fmall  Portable  Globes  univerfal,  we  adjuft  Quadrants  underneath  them, 
that  fo  the  Pedeftal  may  be  Aid 'according  to  the  Elevation  of  the  Pole.  This  is  eafy  to  be; 
underftood. 

T'hc  Conftruciion  and  Ufe  of  the  Concave  and  Convex  Semi-cylinder. 

Thefe  Dials,  which  are  made  of  different  bigneifes,  the  fmall  ones  of  Brafs  and  the  great: 
ones  of  Stone  or  Wood,  are  very  curious  on  account  of  their  fhewing  the  Hour  of  che 
Day  without  a  Style.  Their  Exactnefs  confifts  very  much  in  being  very  round  and  even  both 
within  fide  and  without. 

The  i$tb  Figure  reprefents  one  of  thefe  Dials,  fet  upon  and  fattened  on  its  Pedeftal,  in-  Fig.  13; 
dining  to  the  Horizon  under  an  Angle  equal  to  the  Elevation  of  the  Pole,  and  directly  fa- 
cing the  South  :  and  therefore  the  Hour-Lines  and  the  Edges  A  B,  a  b,  ferving  as  a  Scyle, 
are  all  parallel  between  themfelves,  and  to  the  Axis  of  the  World.  The  whole  Convex  Cy- 
linder is  divided  into  24  equal  Parts,  or  twice  12  Hours,  by  parallel  Lines  ;  and  the  Con- 
cave Semi-cylinder  is  divided  in  6  equal  Parts  by  Right  Lines,  which  are  the  Hour-Lines 
from  6  in  the  Morning  to  6  in  the  Afternoon. 

Now  when  the  Sun  fhines  upon  this  Dial,  the  Hour  of  the  Day  is  fhewn  on  the  Convex 
fide  thereof,  by  the  defect  of  Light,  that  is,  by  a  right  Line  feparating  the  Light  from  the 
Shadow.  But  the  Hour  of  the  Day  is  fhewn  in  the  Concave  part  ot  the  Dial,  by  the' 
Shadow  of  one  of  the  Edges  A  B  or  a  b  ;  fo  that  when  the  Sun  in  the  Morning  is  come  to 
the  Hour-Circle  of  6,  the  Shadow  of  the  eaft  Edge  a  b  will  then  fall  upon  the  other  Edge 
AB  which  is  the  Hour-Line  of  6  :  and  as  the  Sun  rifes  higher  above  the  Horizon,  the 
Shadow  of  the  faid  Edge  a  b  will  defcend  and  fhew  the  Hour  among  the  Hour-Lines.  (Note, 
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The  Figures  on  the  Top  are  for  the  Morning  Hours,  and  thcfe  on  the  E  tears  for  the 
Afternoon  ones.)  When  the  Sun  is  come  to  the  Meridian,  he  direclly  fhin.es  into  the  Dial, 
and  then  the  Edges  will  caft  no  Shadow  :  but  when  the  Sun  has  palled  the  MerVdlan,  and 
defcends  weftv.ards,  the  Shadow  of  the  oppofite  Edge  A  B  will  lhew  the  Hour  from  12  to 
6  in  the  Evening.  If  you  have  a  mind  to  have  the  halves  and  quarters  of  Hours,  you  D0<X 
but  double  or  quadruple  the  Divifions. 

Small  Dials  of  this  kind  have  Compalfes  belonging   to  them,  that  fo   the  Dials   may   be 
fet  North  and  South. 

The  ConflruElion  and  Ufe  of  the  Vertical  Cylinder. 
This  is  a  vertical  Dial  drawn  upon  the  Superficies  of  a  Cylinder  by  means  of  a    Table   of 
the  Sun's  Altitude  above  the  Horizon  at  every  Hour,  when  he   enters  into  every  101b  De- 
gree of  the  Signs,  according  to  the  Latitude  of  the  Place  for  which  the  Dial  is  to  be  drawn ; 
and  for  this  end  the  following  Table  is  calculated  for  49  Degrees  of  Latitude. 

J  TABLE  of  .the  Surfs  Altitudes  for  every  Hour  of  the  T>ay  at  his 
J±.7itrance  Info,  every  loth  ^Degree  of  the  Signs,  for  the  Latitude  of  49 
"Degrees. 
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We  mw  proceed  tofhew  the  ConflruBion  of  the  aforefaid  Dial  upon  a  Plane  which  afterwards  may  he 

mad.'  Cylindrical,  or  wrapped  round  a  Cylinder  ;  or  this  Dial  may   be  made  upon  the  Surface  of  a 

Cylinder  iff  elf,  if  the  Lines  be  drawn  thereon  as  upon  a  Plane. 

Defcribe  the  Right-angled  Parallelogram  A  B  C  D  upon  a  brafs  Plate  or  Sheet  of  Paper, 
whofe  breadth  A  B  or  C  D  let  be  nearly  equal  to  the  Circumference  of  the  Cylinder  it  is 
to  be  wrapped  round,  and' prolong  the  Line  A  B,  upon  which  afl'ume  A  E  for  the  length 
of  the  Style,  which  fhaW  determine  the  length  of  the  Cylinder.  Then  about  the  Point  E, 
as  a  Center,  with  the  Radius  E  A,  make  a  circular  Arc  equal  to  the  Sun's  Meridian  Altitude 
at  his  entrance  into  Cancer,  and  draw  the  occult  Line  E  D,  determining  the  length  or 
height  of  the  Cylinder  A  D;  but  if  this  length  was  given,  and  the  length  of  the  Style  re- 
quired, you  muft  defcribe  an  Arc  about  the  Point  D,  equal  to  the  Complement  of  the 
Sun's  greateft  Meridian  Altitude,  which,  if  the  greatefl  Altitude  be  64  deg.  30  min.  will 
be  25  deg.  30  min.  and  draw  the  occult  Line  D  E,  which  fhall  determine  the  length  of  the 
Style  E  A,  proportioned  to  the  length  of  the  Cylinder. 

This  being  done,  divide  the  Arc  A  F  into  Degrees  and  Minutes,  and  draw  occult  Lines 
thro  each  of  the  Points  of  Divifion,  fr^m  the  Center  E  to  the  Line  A  D,  that  fo  this  Line 

may 
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may  be  made  a 'Scale  of  Tangents.  But  this  Line  may  be  otherwife  divided,  byfuppofinp- 
the  Radius  A  E  ioo  or  iooo  equal  Parts,  according  to  the  length  of  the  Cylinder, 
and  taking  the  corrcfpondent  Tangents  from  printed  Tables,  and  laving  them  oft' 
from  A. 

Things  being  thus  ordered,  divide  the  Sides  A  B,  D  C  into  6  equal  Parts,  and  join  the 
Points  of  Divition  by  five  parallel  right  Lines,  which  will  reprefen:  the  beginnings  of  the 
twelve  Signs  ;  then  trifect  each  of  thefe  parallel  Spaces  for  the  ioth  and  10th  D^ree  of 
each  Sign.  Now  by  this  means  the  beginnings  of  the  Months  may  be  fet  upon  your  Dial, 
becaufe  there  will  be  no  fenfible  Error  in  fixing  the  Sun's  entrance  into  every  Sign,  the 
ioth  Day  of  every  Month,  (N.  S.)  Then  to  prick  down  the  Hour-Points  upon  all  thefe 
Lines  one  after  another,  you  mufl  ufe  the  foregoing  Table:  for  example,  to  prick  down  the 
Hour-Point  or  10  in  the  Morning,  or  2  in  the  Afternoon,  upon  the  Line  A  D  reprefenting 
the  Summer  Tropick,  you  will  find  by  the  Table,  that  the  Sun's  Altitude  at  the 
time  of  the  Summer  Solftice  at  the  Hours  of  10  or  2,  is  55;  deg.  19  min.  therefore 
you  mufl:  take  the  Tangent  of  55  deg.  19  min.  from  your  Scale  of  Altitudes  AD, 
and  lay  off  from  the  Side  A  B  upon  the  (aid  Tropick,  and  then  you  will  have  a  Point 
therein  thro  which  the  propofed  Hour-Line  mull  pafs.  Again,  To  prick  down  the 
Hour-Point  of  the  faid  Hour  of  2  upon  another  Parallel,  fuppofe  on  that  of  the  ifi  Degree 
of  Leo  or  Gemini,  you  will  find  by  the  Table  that  the  Sun's  Altitude  will  then  be  52  deg. 
34  min.  and  the  Tangent  of  thefe  Degrees  being  taken  from  the  Scale  of  Altitudes  A  D, 
and  laid  off  upon  the  faid  Parallel  from  A  B,  will  give  a  Point  therein  thro  which  the  Hour- 
Line  of  2  mutt  pafs.  And  if  .you  proceed  in  this  manner,  and  find  Points  in  the  other  Pa- 
rallels, and  likewife  on  their  Divisions  of  every  ioth  and  20th  Degree;  thefe  Points  joined 
will  give  the  Curved  Hour-Line  of  10  in  the  Morning,  or  2  in  the  Afternoon. 

And  thus  likewife  may  be  found  Points  in  the  Parallels  thro  which  the  other  Hour- 
Lines  mufl;  pafs;  which  being  done,  you  mufl:  join  all  thofe  belonging  to  the  fame  Hour  by 
an  even  Hand,  and  mark  the  Characters  of  the  Signs,  the  firfl  Letters  of  the  Months,  as 
likewife  the  Hour-Figures,  each  in  their  refpe&ive  Places,  as  per  Figure,  and  your  Dial 
will  be  finifhed ;  which  afterwards  mufl  be  wrapped  about  the  Cylinder,  or  bent  Cy- 
lindrically,  fo  that  the  Lines  reprefenting  the  two  Tropicks  be  parallel  between  them- 
felves. 

The  Style  is  fattened  to  a  Chapiter  ferving  as  an  Ornament,  and  mud  be  moveable  on 
the  Line  A  B,  that  fo  it  may  be  placed  at  right  Angles  on  the  Degree  of  the  Sign  or  Day 
of  the  Month.  This  Dial  being  placed  upright,  or  hung  by  a  Ring,  turn  it  to  the  Sua, 
fo  that  the  Shadow  of  the  Style  may  fall  down  right  upon  the  Parallel  of  the  Day  you 
defire  to  know  the  Hour  in,  and  then  the  Extremity  thereof  will  ihew  the  Hour  or  Part. 

The  Sun's  Altitude  may  be  fhewn  likewife  by  this  Inltrument  thus :  Put  the  Style  upon 
the  Scale  of  Altitudes,  keeping  the  Cylinder  fufpended  or  horizontally  placed,  and  turn  it 
about  fo  that  the  Style  be  towards  the  Sun  ;  then  the  Shadow  of  the  Extremity  thereof  fhall 
fhew  the  Sun's  Altitude  above  the  Horizon. 

The  abovefaid  Parallelogram  may  ferve  likewife  as  a  Dial,  without  being  wrapped  round 
a  Cylinder,  or  turned  up  Cylindrically,  if  the  Style  be  fo  adjutted  as  to  Hide  along  the 
Line  A  B,  that  fo  it  may  be  fet  over  the  Day  of  the  Month,  or  Parallel  of  the  Sign  the  Sua 
is  in.  This  is  eafily  done,  in  making  a  little  Slit  along  the  top  of  the  Plate,  and  flatting  the 
Foot  of  the  Style,  fo  that  it  may  Aide  in  the  faid  Slit  without  varying  its  length.  Now  if 
this  Parallelogram  be  placed  upright,  and  the  Line  A  B  level  (which  may  be  ealily  done  by 
means  of  a  Plumb-Line  faflened  to  one  of  the  Sides)  and  you  hold  it  thus  in  you?  hand, 
or  fufpend  it  by  a  Ring,  fo  that  it  be  directly  expofed  to  the  Sun,  and  the  Shadow  of  the 
Style  falls  upon  the  Parallel  of  the  Sign  or  Month  ;  then  the  Extremity  of  the  Shadow  of  the 
faid  Style  will  fall  upon  the  Hour. 

'The  ConflruElion  and  Ufe  of  a  Dial  drawn  on  a  Quadrant. 
This  Figure  reprefents  a  Portable  Dial  drawn  on  a  Quadrant,  whofe  Conftruction  we  have  pig.  jj; 
thought  fit  to  lay  down  here,  fince  it  is  made,  as  well   as  the  Cylindrical  Dial,  by  means 
of  a  Table  of  the  Sun's  Altitude  calculated  for  the  Latitude  of  the  Place  the  Dial  is  made 

for. 

Firfl:,  Divide  the  Limb  B  C  of  the  Quadrant  into  Degrees,  and  about  the  Center  A 
defcribe  another  Arc  R  S,  reprefenting  the  Tropick  of  ®.  Likewife  divide  the'  Rad;us 
A  B  nearly  into  3  equal  Parts,  and  with  the  Diflance  A  D  draw  a  circular  Arc  for  the. 
Tropick  of  ^j  divide  the  Space  BD  into  6  equal  Parts,  and  defcribe  the  like  Number 
of  circular  Arcs  about  the  Center  A,  which  fhall  reprefent  the  Parallels  of  the  other  Signs, 
as  they  are  denoted  on  the  Side  A  C  of  the  Quadrant.  The  next  thing  to  be  done,  is  to 
draw  the  Hour-Lines.  Let  it  be  required  (for  example)  to  find  a  Point  in  the  Tropick  ot 
©  thro  which  the  Hour-Line  of  12  mufl  pafs :  By  the  above  pofited  Table,  the  Sun's  Al- 
titude (at  Paris)  at  the  faid  time  is  64.  deg.  20  min.  therefore  take  a  Thread,  or  Ruler 
faflened  to  the  Center  A,  and  extend  it  to  that  Number  of  Degrees  and  Minutes  on  the 
Limb  of  the  Quadrant,  and  where  the  Thread  or  Edge  of  the  Ruler  cuts  the  Tropick  of 
<s    will  be   one   Point  thro  which  the  Hour-Line  of  12  muft  be  drawn.     Then  feek  the 
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Sun's  Altitude  when  he  enters  into  n,  which  being  found  61  deg.  12  min.  lay  the  Thread 
over  61  deg.  1 2  min.  on  the  Limb,  and  where  it  cuts  the  Parallel  of  H,  make  a  Mark;  for  a 
Point  in  the  faid  Parallel  thro  which  the  Hour-Line  of  1 2  muft  pafs.  And  if  you  proceed 
in  this  manner,  Points  may  be  found  in  the  Parallels,  or  their  Parts,  (if  the  Quadrant  be 
bio  enough)  thro  which  the  Hour-Line  of  12  muft  pafs,  as  likewife  all  the  other  Hour-Lines  ; 
and  if  the  Points  be  joined,  the  curve  Hour-Lines  will  be  had,  and  the  Dial  will  be  finifhed, 
when  there  are 'two  Sights  fixed  upon  the  Side  A  C. 

The  Ufe  of  this  Quadrant. 
Direft  the  Plane  of  the  Inftrument  towards  the  Sun  in  fuch  manner,  that  his  Rays  may 
pafs  thro  the  Holes  of  the  Sights  G  G,  and  then  the  Plumb-Line  freely  playing,  will  fhew 
the  time  of  Day  by  interfering  the  Parallel  that  the  Sun  is  in.  But  if  you  put  a  little 
Bead  or  Pin's  Head  upon  the  Plumb-Line,  then  you  may  extend  the  Thread  from  the 
Center,  and  Aide  the  Bead  thereon,  and  fix  it  over  the  Degree  of  the  Sign  or  Day  of  the 
Month,  and  holding  up  the  Quadrant,  as  before,  the  Bead  will  fall  upon  the  Hour  of  the 
Day. 

The  Confirullion  and  Ufe  of  a  Particular  right-lined  Dial. 
Fig.  1 5.  This  Dial,  which  we  call  Particular,  becaufe  it  ferves  but   for  one  determinate  Latitude, 

is  made  upon  a  very  even  Plate  of  Brafs,  or  other  Metal,  about  the  bignefs  of  a  playing 
Card.  The  Conftru&ion  thereof  is  thus  :  Firft,  draw  the  two  right  Lines  A  B,  CD,  crof- 
fing  one  another  at  right  Angles  in  the  Point  E,  about  which,  as  a  Center,  with  the  Ra- 
dius E  C  defcribe  the  Circle  C  B  D,  and  divide  it  into  24  equal  Parts,  beginning  from  the 
Point  D  ;  then  thro  each  two  Divifions  thereof  equally  diftant  from  the  Points  C  and  D, 
draw  parallel  right  Lines,  which  will  be  the  Hour-Lines,  whereof  D  R  is  that  of  12,  BE 
that  of  6,  and  C  M  that  of  Midnight.  This  being  done,  form  the  right-angled  Parallelo- 
gram P  M  Q^R,  and  draw  the  occult  Line  D  R,  making  an  Angle  with  C  D  equal  to  the 
Elevation  of  the  Pole,  •viz,.  49  deg.  This  Line  fhall  reprefent  the  Radius  of  the  Equi- 
noctial, and  by  means  thereof  the  Trigon  of  Signs  muft  be  formed,  having  D  for  its  Ver- 
tex. In  order  for  this,  produce  the  Hour-Line  of  the  Sun's  rifing  in  the  longeft  Day  of 
Summer,  which  here  is  the  Hour-Line  of  4  ;  as  likewife  the  Hour-Line  of  6,  until  it  meets 
the  Radius  of  the  Equino&ial  Circle  D  R  ;  then  the  Point  in  the  Radius  of  the  Equino&ial 
cut  by  the  Hour- Line  of  <5,  will  be  the  Center  of  a  Circle,  whofe  Diameter  (hall  be  perpen- 
dicular to  the  faid  Radius,  and  is  terminated  by  the  Interferon  of  the  Hour-Line  of  4 
therewith.  This  Circle  being  defcribed,  divide  the  Circumference  thereof  into  12  equal 
Parts,  in  order  to  form  the  Trigon  of  Signs,  as  is  before  explained  in  the  third  Chapter  of 
this  Book.  Note,  The  two  Tropicks  will  be  at  the  Extremities  of  the  faid  Diameter, 
each  making  an  Angle  of  23  deg.  30  min.  with  the  Radius  of  the  Equinoctial,  the  Vertex 
being  the  Point  D.  Now  the  next  thing  to  be  done,  muft  be  to  make  a  little  flit  along 
the  Radius  of  the  Equino&ial,  that  fo  a  little  Slider  or  Curfor  may  Aide  along  it,  having  a 
little  Hole  drilled  thro  it  for  faftening  a  Thread  and  Plummet  with  a  Bead  or  Pin's 
Head  on  the  Thread.  And  after  this,  we  place  two  Sights  on  the  Extremities  of  the 
Line  P  Q^ 

The  Ufe  of  this  Dial. 
Slide  the  Curfor,  and  fix  the  Hole  in  which  the  Thread  is  faftened  over  the  Degree  of 
the  Sign  the  Sun  is  in,  or  the  Day  of  the  Month ;  then  flip  the  Bead  or  Pin's-head  along 
the  Thread,  until  it  be  upon  the  Hour-Line  of  12.  This  being  done,  hold  up  your  In- 
ftrument,  lifting  it  higher  or  lower  till  the  Sun  fliines  thro  the  Holes  of  the  Sights  Rand  S, 
and  the  Thread  freely  plays  upon  the  Plane  thereof  j  then  the  Bead  will  fall  upon  the  Hour 
of  the  Day. 

The  ConfiruBion  of  a  Univerfal  right-lined  Dial. 
p-     j^  This  right-lined  Dial,  which  ferves  for  all  Latitudes,  is  made  of  a  bignefs  at  pleafure, 

upon  a  very  even  Plate  of  Brafs  or  other  folid  Matter.  The  Conftru&ion  of  it  is  thus  : 
Draw  the  Lines  A  B,  CD,  cutting  each  other  at  right  Angles  in  the  Point  E,  about 
which,  as  a  Center,  defcribe  the  Quadrant  A  F,  which  divide  into  po  deg.  and  with  the 
Point  E  for  the  Vertex,  make  a  Trigon  of  Signs  according  to  the  Method  explained  in 
Chap.  2.  Divide  each  Sign  into  3  Parts,  each  being  10  deg.  and  fet  the  firft  Letters  of  the 
Months  to  the  Places  correfponding  to  them,  by  fuppofing  (as  we  have  already)  that  the 
Sun's  entrance  into  every  Sign  is  the  20th  Day  of  the  Month  (N.  S.)  for  example,  his 
entrance  into  T  the  20th  of  March,  his  entrance  into  tt  the  zoth  of  April,  Sec.  This 
may  be  without  any  fenfible  Error  in  fo  fmall  an  Inftrument.  Now  draw  dotted  Lines 
from  the  Center  E  thro  the  Divifions  of  the  Quadrant  A  F,  to  the  Line  A  G,  which  will 
divide  it  into  Points,  from  which  Parallels  muft  be  drawn  to  the  Line  A  B,  which  fliall  be 
the  different  Latitudes  or  Elevations  of  the  Pole,  which  muft  be  only  marked  between  the 
two  Tropicks,  as  you  fee  in  the  Figure,  wherein  they  are  drawn  to  every  ^th  deg.  On  both 
fides  the  Point  B  lay  off  upon  the  Line  B  H,  the  Divifions  that   the  Radii  of  the  Signs   of 
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the  Trigon  make  on  the  Line  a  a,  reprefenting  the  Latitude  of  45  deg.  that  fo  the  Repre- 
fentation  of  another  Zodiack  may  be  made  upon  the  Line  B  H. 

Now  the  manner  of  drawing  the  Hour-Lines  upon  this  Dial  is  thus  :  Draw  Lines  thro 
every  15th  deg.  of  the  Quadrant  A  F,  parallel  to  E  D,  which  is  the  Hour-Line  of  6  ; 
and  thefe  Parallels  will  be  the  Hour-Lines  from  6  in  the  Evening  to  6  in  the  Morning,  A  L 
being  the  Hour-Line  of  Midnight.  And  if  the  parallel  Spaces  be  laid  off  on  the  other 
fide  of  the  Hour-Line  of  <5,  you  will  have  the  Hour-Lines  from  6  in  the  Morning  to  6  in 
the  Evening.  And  for  drawing  the  half  Hours,  divide  each  1  ^th  deg.  of  the  Quadrant 
A  F  into  half,  and  draw  Parallel  Lines  between  the  Hour-Lines. 

The  Hour-Lines  may  be  yet  otherwife  drawn,  by  means  of  a  Circle,  whofe  Diameter  is1 
the  Line  A  B,  and  whofe  Circumference  is  divided  into  24  equal  Parts  for  the  24  Hours  of 
the  Day,  or  into  48,  for  the  Half-Hours.  For  then  if  right  Lines  be  drawn  thro  the  op- 
pofite  Points  of  Divifion,  parallel  toE  D,  we  fhall  have  the  Hour-Lines,  and  thofe  of  the 
Half  Hours,  as  we  have  faid  in  the  Conftru&ion  of  the  former  right-lined  Dial. 

About  the  Point  I,  as  a  Center,  draw  an  occult  Quadrant,  which  divide  into  90  deg.  and  laying 
a  Ruler  to  the  Center  I,  and  on  each  Divifion  mark  the  fame  Degrees  upon  the  Sides  G  Q,  and 
G  S  of  the  Inftrument.  Note,  By  means  of  thefe  Divifions  we  may  find  the  Sun's  Altitude 
above  the  Horizon,  as  we  fhall  fhew  by  and  by.  R  R  are  two  Sights  fixed  on  the  Side  G  H. 
And  the  Piece  K  is  a  fmall  Arm  or  Index,  made  of  3  Blades  of  Brafs,  fo  joined  to  each 
other  by  headed  Rivets,  that  they  may  have  a  Motion  either  to  the  right  or  left :  at  the 
fharp  end  of  this  Arm  is  made  a  very  little  Hole,  thro  which  goes  a  Thread  with  a  Plum- 
met at  the  end  thereof,  and  a  little  Bead  or  Pin's  Head  thereon.  This  little  Arm  is 
fattened  to  the  Inftrument  with  a  headed  Rivet,  that  fo  it  may  have  a  Motion  at  the 
place  K. 

The  Ufe  of  this  Dial. 

If  the  Hour  of  the  Day  be  to  be  found  by  this  Inftrument,  you  muft  adjuft  the  end  a 
of  the  Index  on  the  Interfe&ion  of  the  Line  of  the  Latitude  of  the  Place,  and  the  De- 
gree of  the  Sign  the  Sun  is  in,  or  the  Day  of  the  Month  ;  then  extend  the  Thread,  and 
Aide  the  Bead  to  the  fame  Degree  of  the  Sign  in  the  little  Zodiack,  drawn  on  the  Hour- 
Line  of  12  B  I.  This  being  done,hold  the  Inftrument  up  until  the  Sun  Alines  thro  the  Sights 
R  R,  and  the  Thread  freely  playing  upon  the  Plane  of  the  Inftrument,  the  Bead  will  fall 
upon  the  Hour  of  the  Day. 

If  the  time  of  the  Sun's  rifing  and  fetting  in  all  the  Signs  of  the  Zodiack  for  the  La- 
titudes denoted  upon  the  Inftrument  be  required,  fix  the  end  a  of  the  Index  on  the  In- 
terferon of  the  Line  of  the  Latitude  of  the  Place,  and  the  Degree  of  the  Sign  the  Sun  is 
in  ;  then  the  Thread  freely  falling  parallel  to  the  Hour-Lines,  will  fhew  the  Hour  of  the 
rifing  and  fetting  of  the  Sun.  For  example,  the  end  of  the  Index  being  fixed  on  the  Inter- 
feron of  the  Sign  of  <&,  and  the  Line  of  the  Latitude  of  49  deg.  the  Thread  will  fall 
along  the  Hour-Line  of  4  in  the  Morning,  or  8  in  the  Evening  :  and  this  fhews,  that  about 
the  20^  of  June,  (N.  S.)  the  Sun  rifes  at  Paris,  at  4  in  the  Morning,  and  fets  at  8  in  the 
Evening,  and  fo  of  others. 

The  Elevation  of  the  Pole  is  found  thus  :  Place  the  end  of  the  Index  on  the  Point  I,  and 
raife  or  lower  the  Inftrument  until  the  Sun's  Rays  pafs  thro  the  Holes  of  the  Sights;  then 
the  Thread  freely  playing,  will  fhew  the  Sun's  Altitude  upon  the  Degrees  on  the  fide  Q_S 
or  Q^G. 

All  thefe  kinds  of  Dials,  that  fhew  the  Hour  of  the  Day  by  the  Sun's  Altitude,  are  con- 
venient in  this,  that  they  fhew  the  Time  of  Day  without  a  Compafs  ;  but  their  common 
Imperfection  is,  that  about  Noon  the  Hour  cannot  be  exactly  determined  by  them,  unlefs 
by  feveral  Observations  to  know  whether  the  Sun  increafes  or  decreafes  in  Altitude,  and  con- 
fequently  whether  it  is  before  or  after  Noon. 

The  Conflru&icn  of  a  Horizontal  Dial  for  feveral  Latitudes. 
This  Dial,  which  is   made   upon  a  very  even  and  fmooth  Plate  of  Brafs,  or  other  folid  Plate  24. 
Matter,   hath  a  little   Piece    of  Brafs  in   form  of  a  Bird,  the  lower  part  of  which  is  ad- Fig.  i. 
jufted  in  two  little  knuckles,  that  fo  it  may  be  rendered  moveable,  and  lie  down  upon  the 
Plane  of  the  Dial.     This  Bird  is  kept  upright  by  means  of  a  Spring  that  is  underneath  the 
Dial-Plate,  which  going  thro  a  little  fquareHole  in  the  Plate,  keeps  the  Bird  firm  upon  its 
Foot.     There  is  a  Style  or  Axis  going  inco  the  Bird,  which  is  double,  the  lower   end   of 
which  goes  into  a  little  knuckle  at  the  Center  of  the  Dial,  that   fo  the  faid  Style  may  be 
raifed  or  lowered,  according  to  the  Latitude.    There  is  on  the  Style  a  circular  Arc,  where- 
on the  Degrees  are  fet  down  from  3  5  or  40  to  60.     There  is  a  Slit  made  along  this  divided 
Arc,  paffing  by  the  Eye  of  the  Bird,  that  fo  its  Bill  may  be  fet  to  the  Degree  of  the  Pole's 
Elevation,  and  fixed  there.     The  Dial-Plate  is  hollowed  in    circular,  that   fo  a  Compafs 
may  be  added  thereto,  fattened  underneath  by  two  Screws.     The  Needle  and  the  Glafs 
covering  it,  are  placed  in  the  fame  manner  as  in  other  CompafTes,  of  which   we    have 
already  fpoken. 

The 
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The  Surface  of  this  Dial  is  divided  into  4  or  5  Circumferences  for  the  like  Number  of 
different  Latitudes,  according  to  fome  one  of  the  Methods  before  laid  down  for  drawi::;.* 
of  Horizontal  Dials,  whereof  that  by  the  calculation  of  Angles  is  mod  in  ufe  for  fuch 
fmall  Dials  as  thefe..  They  may  be  drawn  alfo  by  means  of  a  Platform,  upon  which  are 
feveral  Dials  divided  by  the  Rules  before  given.     But  this  is  well  known  to  the  Inftrument- 
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The  outmofl  Circumference,  which  is  divided  for  $?  deg.  of  Latitude,  may  well  enough 
ferve  for  thofe  Places  contained  between  the  58  h  and  53d  deg.  of  Latitude.  The  feeend, 
wnich  is  divided  for  50  deg.  of  Latitude,  may  ferve  for  Places  cpntamed  between  the  53  J 
and  the  47^  deg.- of  Latitude.  The  third,  which  is  divided  tor  45  deg.  may  ferve  for 
Places  between  the  47th  and  42 d  deg.  And  the  fourth,  which  is  divided  for  40 'deg.  ferves  for 
Places  contained  between  tpe^a^'aod  38^  deg.  or  Latitude. 

When  a  $ih  Dial  is  drawn  upon  the  Plate  for  the  Latitude  of  35  deg.  this  ferves  for  all 
Places  contained  between  the  37^  and  the  32^  deg.  of  Latitude.  Now  by  means  of  a 
o-ood  Map  of  the  World,  or  Globe,  you  may  fee  what  Places  thele  Dials  will  be  in  u.e  j  for 
that  which  is  made  for  one  Latitude,  will  ferve  for  all  Places  round  about  tne  Earth,  having 
the  fame  North  and  South  Latitude.  We  commonly  grave  underneath  the  Dial  a  Table  of 
the  principal  Cities  of  the  World  with  their  Latitudes  and  Longitudes  ,  that  fo  the  conve- 
nient Circumference  on  the  Plate  may  be  chofe,  and  the  Axis  of  the  Dial  raifed  to  the  pro- 
per Elevation  of  the  Pole. 

T'he  Ufe  of  this  Dial 
To  find  the  Hour  of  the  Day,  raife  or  lower  the  Style,  fo  that  the  end  of  the  B'll  of  the 
little  Bird  may  anfwer  to  the  Degree  of  the  Elevation  of  the  Pole  marked  •  the  Style,  as 
at  Paris  againft  the  49th  Degree.  The  Style  being  tnus  raifed,  place  the  D  uj  parallel  to  the 
Horizon,  that  is,  level,  and  turn  it  fo  to  the  Sun  till  the  North  Point  or  the  Needle  ufually 
marked  with  a  little  Ring,  fixes  itfelf  over  the  Line  of  Declination,  whereon  is  a  Flower-de- 
luce,  and  Nor  h  is  writ.  Then  the  Shadow  of  the  Style  w  ill  fhew  the  Hour  of  the  Day 
upon  the  Circumference  divided  for  the  Latitude  of  the  Place.  You  mud  take  care  not  to 
fet  the  Dial  near  Iron,  for  this  changes  the  Direction  of  the  Needle. 

'the  CohflruBion  of  a  Ring  D':al. 
Fig.  £.  Take  a  very  round  Ring  of  Brafs,  or  ot::er  folid  Matter,  about  two  Inches   in  Diameter, 

four  or  rive  Lines  in  breadth,  and  of  a  convenient  thicknefs,  and  aflume  the  Point  A  at 
pleafure  thereon  (whereat  there  is  a  little  Hole)  about  which,  as  a  Center,  defcribe  a  Qua- 
drant ADC,  which  divide  into  90  Degrees.  Then  find  the  Sun's  Altitudes  in  the  fore- 
going Table  at  every  Hour  when  he  is  in  the  Equinoctial  for  the  Latitude  of  Paris,  and  lay- 
ifig  a  Ruler  from  the  Center  A  thro  thofe  Altitudes  aflurned  on  the  Quadrant,  you  may 
draw  Lines  which  will  divide  the  concave  Surrace  of  the  Ring  into  the  Hour-Points.  Now 
this  Dial  will  be  very  good  for  the  times  of  the  Equinox,  it  being  fufpended  by  the  Ring  B, 
fo  that  the  Line  A  D  is  upright. 

But  one  of  thefe  D:als  may  be  made  for  (hewing  the  Hour  of  the  Day  at  any  other  time 
of  the  Year,  if  the  Hole  A  be  made  moveable.  For  doing  of  which,  make  the  Arcs  A  E, 
A  I,  23  deg.  for  the  Signs  t>,  W,  ni,  and  X  ;  A  F,  A  K,  40  deg.  16  min.  for  the  Signs 
n,  S\3  r>  and  *  J  and  the  Arcs  AG,  A  L,  47  deg.  for  the  Signs  ss  and  vr.  (The 
reafon  why  we  alfume thefe  Arcs  double,  is,  becaufe  Angles  at  the  Circumference  are  but 
half  thofe  at  the  Center.)  Now  by  this  means  we  (hall  have  a  kind  of  Zodiack  upon  the 
convex  Surface  of  the  Ring,  whereon  muft  be  marked  the  Signs  in  their  proper  Places,  or 
elfe  the  fir  It  Letters  of  the  Months,  that  fo  the  Hole  A  may  be  put  to  the  Degree  of  the 
Sign,  or  the  Day  of  the  Month. 

You  muft  defcribe  likewife  7  Circles  in  the  concave  Surface  of  the  Ring,  whereof  that 
in  the  middle  will  be  for  the  Equinoctial,  and  the  others  for  the  other  Parallels.  This  being 
done,  about  tke  Points  A,  E,  F,  G,  I,  K,  L,  as  fo  many  Centers,  defcribe  Quadrants  of 
90  deg.  upon  which  Quadrants  alfume  the  Altitudes  of  the  Sun  every  Hour  when  he  is  in 
every  of  the  Signs,  and  produce  the  Radii  drawn  from  the  Centers  to  the  Points  of  AlTump- 
tion  until  they  cut  the  Circumferences  in  the  concave  part  of  the  Ring,  and  you  Will  have 
Points  thereon  for  the  Hour-Lines  which  muft  be  joined. 

Note,  Thefe  Divilions  may  be  feparately  drawn,  and  afterwards  transferred  on  the 
Ring. 

T'he  Ufe  of  this  Dial. 
Place  th$  moveable  Hole  at  the  Degree  of  the  Sign  wherein  the  Sun  is ;  then  holding  the 
Ring  fufpended,  turn  it  towards  the  Sun,  fo  that  his  Rays  pafling  thro  the  Hole  A,  may  fall 
upon  the:  convenient  Circumference  or  the  Sign  in  the  concave   part  of  the  Ring,  and  then 
you  will  have  the  Hour  of  the  Day  fhewn. 
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To  defer  ibe  the  Hour-Lines  upon  another  fort  of  Ring. 

The  fourth  Figure  reprefents  this  Ring  compleat,  and  the  Parallelogram  ABCD,  repre-  Fj- 
fents  it  laid  open  or  ftretched  upon  a  Plane,  that  fo  the  Hour-Lines   may  be  pricked  down 
thereon  before  it  be  turned  up  circularly. 

This  Ring  is  made  of  a  blade  of  Brafs,  or  other  folid  Matter,  being  in  length  proportio-  FV 
nable  to  the  Bignefs  you  would  have  the  Ring,  and  at  lead  4  or  5  Lines  broad,  with  a  pro-  'S' 4' 
portionable  thicknefs,  and  whofe  Extremes  AC,  B  D,  are  cut  at  right  Angles.  About 
the  Points  C  and  D  defcribe  two  Quadrants  A  L,  MB,  and  divide  each  of  them  into  9 
equal  Parts  ;  and  from  each  oppofite  Di virion  draw  the  Parallels  of  the  Signs,  whereof  the 
Line  C  F  D  fhall  be  for  T  and  ^  AEB  for  the  two  Tropicks,  and  the  others  for  the 
other  Signs  placed  according  to  their  order.  Then  bifect  the  Parallelogram  ABCD  by 
the  Line  E  F,  and  draw  the  Line  G  H  feparately  equal  to  EB,  that  fo  a  Scale  may  be  made 
thereof,  which  muft  be  divided  into  9  equal  Parts,  each  of  which  mull  be  fubdivided  into 
lo  equal  Parts  more  by  little  dots,  and  fo  the  faid  Scale  will  be  divided  into  50  equal  Parts, 
anfwering  to  the  90  deg.  of  a  Quadrant.  This  being  done,  take  the  Degrees  of  the  Sun's 
Altitude  from  the  above  pofited  Table  of  Altitudes,  at  every  Hour  when  the  Sun  is  in  the 
Equinox,  and  the  Solftices,  for  the  Horizon  of  Paris.  For  example,  When  the  Sun  is  in  the 
ift  deg.  of  <®,  his  Meridian  Altitude  is  64  deg.  29  min.  take  64  7  equal  Parts  from  the 
Scale  G  H  between  your  CompafTes,  and  lay  them  off  upon  the  Brafs  Blade  both  ways 
from  E  to  the  Points  I  and  K,  as  hkewife  from  the  Point  F  to  the  Points  L  and  M,  and 
join  the  Points  I  L  and  K  M,  by  right  Lines  :  then  take  from  the  Table  the  Sun's 
Altitude  at  the  Hours  of  land  11,  when  he  is  in  the  Summer  Solftice,  viz,.  6 1  deg.  54 
min.  which  here  may  be  taken  for  62  deg.  and  opening  vour  CompafTes  to  the  extent  of  62 
equal  Parts  of  the  Scale,  lay  them  off  upon  A  B  from  K  towards  E,  and  you  will  have  a 
Point  of  the  Hour-Lines  of  1 1  and  1  ;  hkewife  take  41  equal  Parts  or  Degrees,  for  the  Sun's 
Meridian  Altitude  when  he  is  in  the  Equinoctial,  and  lay  them  off  from  M  to  O,  and  from  L 
to  N,  and  the  Points  N  and  O  are  thofe  thro  which  the  two  Hour-Lines  of  1 2  muft  be  drawn. 
Moreover,  take  39  deg.  20  min.  the  Sun's  Altitude  when  he  is  in. the  Equinox,  at  the  Hours 
of  11  and  1,  from  the  Scale,  and  lay  them  off  from  the  faid  Points  M  and  L  upon  the  faid 
Line  C  D,  and  you  will  have  two  Points  in  the  Line  C  D,  thro  which  the  Hour-Lines  of  11 
and  1  muft  be  drawn.  And  in  this  manner  may  Points  be  found  in  this  Line,  thro  which 
the  other  Hour-Lines  muft  pafs. 

But  now  to  find  Points  in  the  Line  A  B,  or  Tropick  of  Capricorn,  on  this  fide  the  Point  E, 
thro  which  the  Hour-Lines  muft  be  drawn,  (for  the  Points  of  the  fame  Line,  on  the  other 
fide  of  E,  for  the  Tropick  of  Cancer  may  be  found  in  the  fame  manner  as  the  Point  for  the 
Hour-Line  of  11  and  1  was)  you  muft  take  take  17  7  Degrees,  or  equal  Parts  from  the 
Scale,  viz,,  the  Sun's  Meridian  Altitude,  when  he  is  in  the  Tropick  of  Capricorn,  and  lay 
them  off  from  I  to  P,  and  P  will  be  the  Point  thro  which  the  Hour-Line  of  12  muft  pafs  ; 
and  fo  may  the  Points  be  found  thro  which  the  other  Hour-Lines  muft  be  drawrn.  Now  if 
the  Points  found  in  the  Lines  A  B,  and  C  D,  thro  which  the  Hour-Lines  pafs,  be  joined  by 
right  Lines  ;  thefe  right  Lines  will  be  the  Hour-Lines. 

But  if  you  have  a  mind  to  be  exacler,  you  may  take  the  Degrees  of  the  Sun's  Altitudes 
at  every  Hour  when  he  enters,  and  is  in  each  10th  and  20^  Degree  of  every  Sign,  and  then 
find  Points  on  the  refpeclive  Parallels  on  the  Dial  thro  which  the  Hour-Lines  muft  be 
drawn,  which  will  not  be  right  Lines  but  Curves;  and  in  this  cafe  the  Dial  will  be 
exa<fter. 

Having  drawn  the  Hour-Lines,  you  muft  Number  them  on  both  fides  the  Lines  A  B, 
CD,  and  alfo  fet  down  the  Characters  of  the  Signs,  and  the  firft  Letters  of  the  Months, 
each  in  their  proper  Place.  When  this  is  done,  you  muft  drill  two  little  Holes  in  the  Points - 
R  and  S  (viz,,  the  middles  of  the  Lines  I  L,  K  M)  in  a  conical  Figure,  the  greater  Bafes 
being  outmoft,  that  fo  the  Sun's  Rays  may  better  come  thro  them  j  afterwards  round  or 
turn  up  the  faid  Blade  circularly,  folder  the  Extremities  AC,  BD  together,  and  place  a 
Button,  with  a  Ring  in  the  middle  of  the  Junction  of  the  faid  Extremities,  fo  that  the 
whole  Inftrument  be  in  equilibria ;  which  that  it  may,  you  muft  turn  the  outfide 
thereof. 

"The  Ufe  of  this  Inflrumsnt. 

Hold  the  Ring  fufpended,  and  turn  the  Hole  proper  for  the  Time  of  Year  towards  the 
Sun,  fo  that  his  Rays  may  fall  upon  the  Parallel  of  the  Sign  he  is  in,  the  Day  wherein  you 
ufe  the  Inftrument ;  and  then  the  Hour  of  the  Day  wiil  be  fhewn  thereon  by  a  bright  Spot 
or  Point  of  Light. 

Note,  The  Hole  S  is  in  ufe  from  the  20th  of  March,  (N.  S.)  to  the  2 2d  of  September,  and 
the  Hole  R  for  the  other  fix  Months.  We  likewife  write  upon  the  convex  Superficies  of 
the  Ring  near  the  little  Holes,  the  20^  of  March,  and  the  22d  of  September,  as  appears 
in  Figure  3.  and,  laftly,  obferve  that  thefe  two  laft  Dials  are  proper  but  for  one  La- 
titude. 

R  r  r  The 
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The  Conftru&ion  and  Ufe  of  the  univerfal  Aflronomkal  Ring-Dial. 
Fig.  5.  This  Inftrument,  whofe  Ufe   is  to  find  the  Hour  of  the  Day  in  any  part  of  the  Earth, 

by  a  bright  Spot  of  the  Sun's  Light,  is  made  of  Brafs  or  other  Metal,  and  confifts  of  two 
Rings  or  fiat  Circles  turned  both  within  fide  and  without.  The  Diameter  of  thefe  Rings, 
which  ought  to  be  broad  and  thick  proportionable  to  their  bignefTes,  are  from  two  to  fix 
Inches.  The  outward  Ring  A  reprefents  the  Meridian  of  any  Place  wherein  one  is,  and 
there  are  two  Divifions  of  00  Degrees  thereon,  which  are  diametrically  oppofite  to  each 
other,  one  whereof  ferves  from  our  North  Pole  to  the  Equator,  and  the  other  from  the 
Equator  to  the  South  Pole. 

The  innermoft  Ring  reprefents  the  Equator,  and  ought  to  turn  very  exactly  within  the 
outward  one,  by  means  of  two  Pivots  or  Pins  put  into  Holes  made  diametrically  oppofite  iri 
the  two  Rings  at  the  Points  of  the  Hour  of  12. 

There  is  a  thin  Riglet  (called  a  Bridge)  with  a  Curfor  marked  C,  compofed  of  two  lit- 
tle Pieces  that  Aide  in  an  Aperture  made  along  the  middle  of  the  faid  Bridge,  and  which 
are  kept  together  by  two  fmall  Screws.  Thro  the  middle  of  this  Curfor  is  a  very  little 
Hole  drilled,  that  fo  the  Sun  may  fhine  thro  it.  Now  the  middle  of  the  faid  Bridge  may 
be  considered  as  the  Axis  of  the  World,  and  the  Extremities  as  the  Poles  of  the  World; 
and  there  are  drawn  on  one  fide  thereof  the  Signs  or  the  Zodiack  with  their  Characters,  and 
on  the  other  fide  the  Da>  s  and  Names  of  the  Months,  or  only  their  firfl  Letters,  being 
placed  according  to  the  refpect  they  have  to  the  Signs.  The  Signs  are  divided  into  every 
10th  or  $th  Degree,  according  to  their  Declination,  by  means  of  a  Trigon  already  divided, 
the  Vertex  of  which,  or  Extremity  of  the  Radius  of  the  Equinoctial,  being  within  fide  the 
Equinoctial  Circle,as  at  the  Point  F.The  two  Pieces  D  D  which  are  fcrewed  to  the  outermoft 
Ring,  ferve  to  fupport  the  Bridge  or  Axis  which  is  moveable  round,  and  are  fo  ordered  as 
that  the  innermoft  Ring  may  lie  exactly  within  the  outermoft,  and  they  both  make  as  it 
were  but  one.  The  two  Pieces  E  are  alfo  fcrewed  on  the  outermoft  Ring,  and  ferve  as 
Props  to  keep  the  Equinoctial  Circle  or  inward  Ring  at  right  Angles  to  the  Meridian  or 
outermoft  Ring. 

We  fhall  not  here  repeat  the  manner  of  dividing  the  two  Quadrants  into  Degrees,  and 
the  Equinoctial  Circle  into  Hours,  Halves  and  Quarters,  having  fufficiently  fpoken  of  this 
elfewhere.  We  fhall  only  add,  that  all'  the  D.vifions  of  the  Equinoctial  Circle  muft  be 
drawn  upon  the  concave  fide  thereof,  which  may  be  done  by  means  of  a  piece  of  Steel  turned 
up  fquare,  according  to  the  Curvature  of  the  Circle. 

Near  the  outward  Edges,  on  each  of  the  two  flat  fides  of  the  Meridian,  is  made  a  Groove 
for  the  Piece  G  to  Hide  therein,  the  middle  of  which  is  bent  inwards,  that  fo  it  may  go 
into  the  faid  Grooves.  The  two  fides  of  this  Piece,  which  muft  be  well  hammered  that 
they  may  have  a  good  Spring,  are  made  flat,  in  order  to  prefs  againft  the  convex  Surface 
of  the  Meridian,  that  thereby  the  Piece  G  may  be  held  faft  on  any  Degree  of  Divifion  of 
the  Meridian.  The  Button  thro  which  the  Ring  of  Sufpenfion  H  goes,  is  riveted  to  the 
middle  of  the  Piece  G,  fo  that  it  may  turn  round  very  freely,  and  by  this  means  the  In- 
ftrument be  very  perpendicularly  fufpended  by  the  Ring  H  :  for  this  is  one  of  the  principal 
things  in  which  the  Exactness  of  the  Inftrument  confifts. 

The  Ufe  of  the  Aftronomical  Ring-Dial. 

Place  the  fhort  Line  a  on  the  middle  of  the  hanging  Piece  G  over  the  Degree  of  the  La- 
titude of  the  Place  you  are  in  upon  the  Meridian  Circle,  for  example,  over  the  49th  deg. 
at  Paris ;  and  then  put  the  Line  crofling  the  little  Hole  of  the  Curfor  on  the  Bridge  to  the 
Degree  of  the  Sign,  or  the  Day  of  the  Month  you  defire  to  know  the  Hour  of  the  Day  in. 
This  being  done,  open  the  Inftrument  fo  that  the  two  Rings  or  Circles  be  at  right  Angles 
to  each  other,  and  fufpend  it  by  the  Ring  H,  fo  that  the  Axis  of  the  Dial  reprefented  by  the 
middle  of  the  Bridge  be  parallel  to  the  Axis  of  the  World. 

Turn  the  flat  fide  of  the  Bridge  towards  the  Sun,  fo  that  his  Rays  coming  thro  the  lit- 
tle Hole  in  the  middle  of  the  Curfor,  fall  exactly  on  a  Line  drawn  round  the  middle  of  the 
concave  Surface  of  the  Equinoctial  Circle,  or  innermoft  Ring  ;  and  then  the  bright  Spot  or 
luminous  Point  fhews  the  Hour  of  the  Day  in  the  faid  concave  Surface  of  the  Ring. 

Note,  The  Hour  of  12  cannot  be  {hewn  by  this  Dial,  becaufe  the  outermoft  Circle  or 
Ring  being  then  in  the  Plane  of  the  Meridian,  it  hinders  the  Sun's  Rays  from  falling  upon 
the  innermoft  or  Equinoctial  Circle.  You  muft  obferve  likewife,  that  when  the  Sun  is  in  the 
Equinoctial,  ycu  cannot  then  tell  the  Hour  of  the  Day  by  this  Dial,  becaufe  his  Rays  fall 
parallel  to  the  Plane  of  the  faid  Equinoctial  Circle.  But  this  is  but  about  one  Hour  every 
Day,  and  four  Days  in  the  Year. 

The  ConftruElion  and  Ufe  of  a  Ring-Dial  with  three  Rings. 

Fig.  6,  This  Inftrument  differs  from  the  precedent  one  in  nothing   but  only   a  third   Ring   or 

Circle,  carrying  the  Sun's  Declination.     The  Ring  A  reprefents  the  Meridian  of  the  Place 

you  would  ufe  the  Dial  in;  the  Ring  B  reprefents  the  Equinoctial  Circle  ;  and  the  RingD, 

which  turns  exactly  within  the  faid  Equinoctial  Circle,  produces   the  fame  effect,  as  the 

Bridge 
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Bridge  reprefenting  the  Axis  of  the  World  in  the  precedent  Inftrument.  The  two  Extre- 
mities of  the  Diameter  of  this  laft  Ring,  or  the  two  Points  of  the  Circumference  thereof, 
whereat  it  is  fattened  to  the  Meridian,  anfwer  to  the  two  Poles  of  the  World.  On  the 
oppolite  Parts  D  D  of  the  Circumference  of  this  Circle,  is  denoted  a  double  Trigon  of 
Signs,  whole  Center  is  the  Vertex  wherein  all  the  Radius's  reunite,  the  Arcs  of  each  of 
which  are  fubdivided  into  every  10th  or  ph  Degree,  to  which  may  be  likewife  fubjoined 
the  Days  of  the  correfpondent  Months. 

The  Index  E  is  fattened  to  the  Center  of  the  innermoft  Ring,  having  two  Sights  rivetted 
to  the  Extremities  thereof,  each  having  a  fmall  Hole  drilled  therein,  for  the  Sun's  Rays  to 
pafs  thro.  Note,  Dials  compofed  in  this  manner  fhew  the  Hour  of  1 2,  becaufe  the  In- 
dex is  without  the  Plane  of  the  Meridian  Circle  :  and  when  we  make  them  large, 
as  9  or  10  Inches  in  Diameter,  we  divide  the  Equinoctial  Circle  into  every  5th  or  every 
id  Minute. 

This  Dial  hath  a  Piece  F  like  as  the  former  Dial  has,  going  into  a  Groove  made  on  each 
fide  the  Meridian,  to  be  flid  to  the  Latitude  of  the  Place.  We  fometimes  fet  thefe  Dials 
upon  Peueftals,  nearly  like  thofe  of  Spheres,  which  are  did  to  the  Latitude  ;  and  in  this 
Cafe  they  are  placed  upon  an  Horizontal  Plain  ;  we  likewife  add  Companies  to  them,  by 
which  means  the  Variation  of  the  Needle  may  be  exactly  known. 

The  Ufe  of  this  Dial. 

Place  the  little  Line  in  the  middle  of  the  hanging  Piece  F  to  the  Latitude  of  the  Place 
wherein  you  have  a  mind  to  know  the  Hour  of  the  Day,  and  the  fiducial  Line  of  the 
Index  on  the  Day  of  the  Month,  or  Degree  of  the  Sign  the  Sun  is  in.  Then  open  the 
Equ:noctial  Circle  at  right  Angles  to  the  Meridian,  and  holding  the  Inftrument  fufpended, 
raife  or  lower  the  innermoft  Circle,  fo  that  the  Sun's  Rays  may  go  thro  the  Holes  or  the 
two  Sights  ;  then  the  Line  which  is  drawn  along  the  middle  of  the  Convexity  of  the 
faid  Circle,  will  fhew  the  Hour  or  Part  drawn  in  the  middle  of  the  Concavity  of  the  Equi- 
noctial Circle,  even  at  all  times  of  the  Day. 

This  may  likewife  be  done  fomething  more  convenient,  when  the  Inftrument  is  placed 
Horizontally  upon  its  Pedeftal. 

The  Conftruclion  of  a  univerfal  inclined  Horizontal,  and  an  EquinoElial  Dial. 

This  Inftrument  coniifts  of  two  Plates  of  Brafs,  or  other  folid  Matter,  whereof  the  Fig.  7. 
under-one  A  is  hollowed  in  about  the  middle,  to  receive  a  Compafs  faftened  underneath  with 
Screws.  The  Plate  B  is  moveable  by  means  of  a  ftrong  Joint  at  the  Plate  C.  Upon  this 
Plate  is  drawn  a  Horizontal  Dial  for  fome  Latitude  greater  than  any  one  of  thofe  the  Dial 
is  to  be  ufed  in,  and  having  a  Style  thereon  proportionable  to  that  Latitude  ;  for  when  the 
faid  Plane  B  israifed  by  means  of  the  Quadrant,  the  Horizontal  Plane  mutt  always  have  a 
lefs  Latitude  than  that  the  Dial  is  made  for,  or  otherwife  the  Axis  of  the  Style  will  have  an 
Elevation  too  little. 

Inftead  of  the  Quadrant  D  we  generally  place  but  only  an  Arc  from  the  Equator  to  60 
Degrees,  which  are  numbered  downwards,  60  being  at  the  bottom,  and  for  this  Latitude 
of  60  deg.  we  commonly  draw  the  aforefaid  Horizontal  Dial.  That  Arc  of  60  deg.  is 
fattened  by  two  fmall  Tenons,  and  may  be  laid  down  upon  the  Plate  A,  as  likewife 
may  the  Style  upon  the  Plate  B,  and  both  of  thefe  are  kept  upright  by  means  of  little 
Springs  underneath  the  Plates.  What  remains  of  the  Conft ruction  of  this  Dial,  may  be 
fupplied  from  the  Figure  thereof. 

The  Ufe  of  the   inclined  Horizontal  Dial. 

Raife  the  upper  Plate  B  to  the  Degree  of  Latitude  or  Elevation  of  the  Pole  of  the  Place 
wherein  you  are,  by  means  of  the  Graduations  on  the  Quadrant  D.  Then  if  the  Plane 
A  be  fet  Horizontal,  fo  that  the  Needle  of  the  Compafs  fettles  itfelf  over  its  Line  of  De- 
clination, the  Shadow  of  the  Axis  will  fhew  the  Hour  of  the  Day.  Note,  We  grave  the 
Names  of  feveral  principal  Cities,  as  likewife  their  Latitudes  and  Longitudes,  underneath 
the  two  Plates,  in  order  to  avoid  the  trouble  of  feeking  them  in  Maps. 

After  the  abovefaid  manner,  Equinoctial  Dials  are  made  Univerfal  throughout  the  whole 
Earth  ;  but  here  we  mutt  have  a  whole  Quadrant.  The  upper  Plate  is  commonly  in  form 
of  a  hollowed  Circle,  which  we  divide  into  24  equal  Parts,  for  the  Hours,  each  of  which 
we  fubdivide  into  4  equal  Parts,  for  the  Quarters  j  all  thefe  being  drawn  in  the  Concavity 

of  the  Circle. 

There  is  a  Piece  that  goes  thro  the  Circle,  carrying  the  right  Style,  which  is  kept  faft 
in  the  middle  of  the  Circle  by  means  of  a  little  Spring  faftened  underneath  the  Circle  ;  and 
bv  this  means  the  right  Style  may  be  raifed  above  the  faid  Circle,  and  lowered  underneath 
it  And  when  the  Equinoctial  Dial  is  drawn,  we  ufe  the  little  Piece  F  for  a  Style,  placed 
in  the  Center  of  the  Circle.  Note,  The  upper  part  of  the  Dial  fhews  the  Hour  of  the  Day 
from  the  2 2d  of  March,  (N.  S.)  to  the  2 zd  of  September,  and  the  under  part  thereof  the 
Hour  of  the  Day,  the  other  6  Months  of  the  Year. 
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The  Ufe  of  the  Equinoctial  Dial. 
You  muft  place  the  Edge  of  the  Equinodial  Circle  to  the  Degree  of  the  Elevation   of 
the  Pole,  by  means  of  the  Quadrant ;  then  if  the  Dial  be  fet  North  and  South  by  means  of 
the  Compafs,  the  Shadow  of  the  Style  will  fhew  the  Hour  of  the  Day  at   all  times  of  the 
Year   even  when  the  Sun  is  in   the  Equinoctial,  becaufe  the  Circle  is  hollowed  in. 

T'he  ConfiruElion  of  an  Azimuth  Dial. 

This  Dial,  which  is  commonly  made  in  the  bottom  of  a  Compafs,  is  called  an  Azimuth 
Dial  becaufe  it  is  made  by  means  of  the  Azimuth's  or  Sun's  Vertical  Circles,  upon  a 
Plate  of  Brafs,  or  other  folid  Matter,  parallel  to  the  Horizon.  Firft,  draw  the  Line 
A  B,  reprefenting  the  Meridian,  upon  which  defcribe  a  Circle  at  pleafure,  half  of  which 
we  fhall  only  ufe  here  for  drawing  the  Morning  Hour-Lines,  becaufe  thofe  of  the  After- 
noon are  drawn  after  the  fame  way.  Divide  this  Circle  into  Degrees,  beginning  from  the 
Point  A,  reprefenting  the  North  Pole.  Then  trifect  the  Semi-diameter  A  C,  and  take 
A  D  equal  to  two  thirds  thereof,  which  muft  be  divided  into  6  Parts,  thro  each  Point  of 
Divifion  ;  about  the  Center  C  muft  be  drawn  concentrick  Arcs,  reprefenting  the  Parallels  of 
the  Signs,  the  Arc  H  being  the  Summer  Tropick,  that  neareft  to  the  Center  C  the 
Winter  Tropick,  and  each  of  the  others  for  two  Signs  equally  diftant  from  the  Tropicks,  as 
appears  per  Figure. 

The  Parallels  of  the  Signs  may  moreover  be  drawn,  in  defcribing  a  Semi-circle  upon  the 
Line  H  D,  which  Semi-circle  being  divided  4nto  6  equal  Parts,  you  muft  let  fall  dotted 
Parallels  upon  the  Line  H  D  ;  thefe  Parallels  will  divide  the  faid  Line  into  unequal  Parts, 
and  if  thro  the  Points  of  Divifions  Arcs  be  defcribed  about  the  Center  C,  thefe  Arcs  will 
be  the  Parallels  of  the  Signs  at  unequal  Diftances  from  each  other. 

Now  for  drawing  the  Hour-Lines,  the  following  Table  of  the  Sun's  Azimuths  muft  be 
ufed  ;  for  example,  to  prick  down  a  Point  in  the  Tropick  of  Cancer  thro  which  the  Hour- 
Line  of  11  in  the  Morning  muft  be  drawn,  you  will  find  the  Sun's  Azimuth  will  then  be 
30  deg.  17  min.  and  when  he  is  in  the  firft  Degree  of  Q,  or  laft  of  &ly  his  Azimuth  at  the 
fame  Hour  is  27  deg.  58  min.  and  fo  of  others.  Therefore  if  a  Ruler  be  laid  on  the  Center 
C  and  on  the  30th  deg.  and  27  min.  of  the  outward  divided  Limb,  the  Edge  of  the  Ruler 
will  cut  the  Parallel  of  ®,  in  a  Point  thro  which  the  Hour-Line  of  11  muft  pafs  :  then 
keeping  the  Ruler  to  the  Center,  move  it,  and  lay  it  over  the  zjtb  deg.  and  58^  min.  of  the 
outmoft  Limb,  and  you  will  have  a  Point  in  the  Parallel  of  n  and  £1  thro  which  the  Hour- 
Line  of  1 1  muft  pafs ;  and  in  this  manner  may  Points  be  found  in  the  other  Parallels  thro 
which  the  Hour-Line  of  1 1  muft  pafs  ;  and  alfo  Points  in  all  the  Parallels  thro  Wi.ich  the 
other  Morning  Hour-Lines  muft  pafs  :  each  or  which  Points  belonging  to  the  fame  Hours 
being  joined,  you  will  have  the  curved  Hour-Lines  on  one  fide  of  the  Meridian.  And 
to  find  the  Points  thro  which  the  Afternoon  Hour-Lines  muft  pafs,  take  the  Diftances  of 
each  Point  in  the  Parallels  from  the  Meridian,  and  transfer  them  on  the  fame  Parallels  con- 
tinued out  on  the  other  fide  of  the  Meridian,  becaufe  the  Sun's  Azimuth  at  any  two  Hours 
equally  diftant  on  each  fide  the  Meridian,  is  the  fame. 

T'he  Ufe  of  the  Azimuth  Dial. 
Turn  the  fide  B  towards  the  Sun,  fo  that  the  Shadow  of  the  right  Style  planted  in  a 
Point  without  the  Compafs,  and  parallel  to  the  Line  of  Noon,  may  fall  along  the  Meridian 
Line  :  then  the  Needle  pointing  exa&Iy  North  and  South,  will  fhew  the  Hour  of  the  Day 
in  the  Interferon  thereof  with  the  Parallel  of  the  Sign  the  Sun  is  in,  upon  condition  thac 
the  Needle  has  no  Variation.  But  fince  the  Needle  varies  now  above  12  Degrees  at  Paris, 
you  muft  place  the  Style  in  the  Point  E  over  the  Line  of  Declination  or  Variation  K  I,  and 
adjuft  the  Shadow  of  the  Style  along  the  faid  Line  of  Variation,  and  by  this  means  the 
Error  arifing  from  the  Needle's  Variation  will  be  avoided. 

STABLE  of  the  Sufi's  Azimuth  or  Diftancc  from  the  Meridian  every 
Hour  of  the  Day  for  the  Latitude  of  49  Degrees. 
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The  CouftruBion  and  Ufe  of  the  Analemmatick  or  Ecliptick  Horizontal  Dial. 

This  is   called  an  Analemmatick  Dial,    becaufe   it  is  made  by  means  of  the  Analemma 
which  is  the  Projection  or  Reprefentation   of  the   principal  Circles  of  the  Sphere  upon  a 
Plane.     The  9th  Figure  is  the  Analemma ;  and   the  10th  Figure  reprefents    the   Dial  com- 
pleai,  which  fhewsthe  Hour  of  the  Day  without  a  Compafs. 

Now  to  project  the  Analemma  ;  upon  a  very  even  fmooth  Plate  of  Brafs,  draw  the  Lines  Fig«  9> 
A  B  and  C  D,  cutting  each  other  at  right  Angles  in  the  Point  E,  about  which,  as  a  Cen- 
ter, defcribe  the  Circle  A  C  B  D,  reprefenting  the  Meridian,  its  Diameter  C  D,  the  Ho- 
rizon, and  A  B  the  Prime  Vertical.  Then  alTume  the  Arc  D  F  equal  to  the  Elevation  of 
the  Pole,  which  here  is  40  deg.  and  draw  the  Line  E  F  reprefenting  the  Axis  of  the 
World  j  likewife  affume  the  Arc  C  G  equal  to  the  height  of  the  Equinoctial  41  Decrees 
and  draw  the  Line  G  E  for  the  Equinoctial.  Affume  the  Arcs  G  H,  G  I,  each  of  23  deg. 
30  min.  for  the  Sun's  greateft  Declination,  and  draw  the  Line  H  I  cutting  the  Equinoctial 
in  the  Point  Y,  about  which,  as  a  Center,  defcribe  the  Circle  H  L  I  K,  or  only  half  of  it 
which  divide  into  6  equal  Parts,  and  thro  each  Point  of  Divifion  draw  Parallels  to  the  Equi- 
noctial, which  continue  out  to  the  Horizon  ;  then  from  the  Sections  made  by  the  faid  Pa- 
rallels on  the  Meridian,  let  fall  the  Parallels  M,  N,  O  and  P  to  the  Horizon,  and  from  the 
Sections  made  by  the  faid  Parallels  on  the  Axis,  let  fall  the  indefinite  Perpendiculars  S  c3 
R  b,  Q_a  to  the  Horizon.  This  being  done,  take  the  Diftance  E  M  between  your  Com- 
paffes,  with  which  fetting  one  Foot  in  N,  with  -the  other  make  a  fmall  Arc  upon  the 
Line  Q  a,  and  with  one  Foot  in  O  cut  the  Line  R  b  with  the  other  ;  then,  continually 
keeping  the  Compaffes  opened  to  the  extent  E  M,  fet  one  Foot  in  P,  and  cut  the  Line  S  c 
in  the  Point  C. 

Now  to  conftruct  the  little  Zodiack,  take  the  Diftance  t  C,  and  lay  off  from  E  towards 
A  and  B  for  the  Tropicks  ot  »  and  vf  j  again,  lay  off  the  Diftance  46,  from  the  Point  E  on 
one  fide,  for  the  Parallel  of  n,  and  on  the  other  fide  for  the  Parallel  of  ~;  and  finally, 
take  the  Diftance  X  a,  for  marking  the  Parallel  of  8  on  one  fide,  and  that  of  >€  on  the 
other,  and  then  the  little  Zodiflck  may  be  formed,  as  per  Figure.  Now  to  prick  down 
the  Hour- Points,  you  muft  defcribe  the  Circle  MTZV  about  the  Center  E,  with  the 
Diftance  E  M,  and  divide  the  Circumference  thereof  into  24  equal  Parts,  as  likewife  the 
Circumference  of  the  Meridian  A  C  B  D,  and  from  each  oppofite  Point  of  Divifion  in  the 
Meridian  draw  ft  rait  Lines  parallel  to  A  B,  and  in  the  Circle  MTZV,  ftrait  Lines  parallel 
to  C  D,  and  thro  the  Interferons  of  thefe  Lines  that  are  neareft  to  the  Meridian,  draw 
lightly  an  Ellipfis  from  Point  to  Point,  as  you  fee  in  the  Figure.  Thefe  Points  of  Section  will 
be  the  Hour-Points,  thofe  for  the  Morning  being  on  the  left,  and  thofe  for  the  Afternoon  on 
the  right  *  and  to  have  the  half  and  quarter  Hour-Points,  the  two  Circles  A  C  B  D, 
MTZV,  muft  be  divided  into  96  equal  Parts. 

Things  being  thus  prepared,  transfer  all  the  Hour-Points  on  another  Brafs  Plate,  and  Fig.  10* 
form  the  Ellipfis  B  thereon,  by  ligthly  drawing  Lines  from  Point  to  Point,  and  grave  the  proper 
Numbers  upon  it,  as  they  are  marked  in  the  10th  Figure.  Likewife  transfer  the  Trigon 
of  Signs  upon  the  faid  Plate,  taking  each  of  the  Diftances  between  your  Compa(fes,  the 
one  after  the  other,  fo  that  the  Signs  T  and  —  be  in  the  Line  of  the  Hour  of  6,  and 
place  the  Characters  of  the  Signs  thereon,  as  alfo  the  firft  Letters  of  the  Months,  each  one 
in  their  order.  When  this  is  done,  you  muft  adjuft  a  Curfor  C  fo  as  to  Hide  along  the 
middle  of  the  Trigon.  This  Curfor  carries  the  right  Style  D,  which  rifes  and  falls  by 
means  of  two  fmall  knuckles. 

On  the  other  part  of  this  Plate,  is  drawn  an  Horizontal  Dial  according  to  the  common 
Rules,  for  the  fame  Latitude  the  Analemma  is  made  for,  and  we  place  the  Style  or  Axis  E 
thereon  upon  the  Hour-Line  of  12,  which  rifes,  falls,  and  is  kept  upright  by  means  of  a 
fmall  Spring  underneath  the  Plate. 

'The  Ufe  of  this  Dial. 
Set  the  Dial  parallel  to  the  Horizon,  and  put  the  Curfor  with  its  right  Style  upon  the 
Day  of  the  Month,  or  Sign  the  Sun  is  in  ;  then  turn  the  Inftrument  until  the  fame  Hour 
be  fhewn  upon  the  two  Dials,  which  will  be  the  Hour  of  the  Day.  It,  for  example,  the 
Shadow  of  the  Extremity  of  the  right  Style  falls  upon  the  nth  Hour  on  the  Analemmatick 
Dial  and  at  the  fame  time  the  Shadow  of  the  Style,  of  the  Horizontal  Dial  falls  likewife 
upon  the  1  ith  Hour,  on  the  Horizontal  Dial ;  then  the  true  Hour  of  the  Day  will  be  that 
of  11.  The  Conveniency  of  this  Dial  confifts  in  this,  that  the  Hour  of  the  Day  may  be 
found  thereby  without  a  Meridian  Line,  or  Compafs  ;  but  then  it  muft  be  pretty  large,  to 
fhew  the  Hour  exactly. 

The  ConfiruSlion  of  a  univerfal  Polar,  Eaft  and  Wefl  Dial. 
This  Inftrument  confifts  of  a  Very  ftrait  and  fmooth  circular  Piece  of  Brafs,  or  other  Fig.  11. 
Metal,  pretty  thick,  that  fo  it  may  preferve   its  perpendicular  Weight,  as  likewife  that   a 
Groove  may  be  made  round  the  Limb  thereof,  for  a  hanging-Piece  to  Aide  about  the  fame, 
like  that  on  the  Aftronomical  Ring. 

S  f  f  About 
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About  the  Center  of  the  faid  circular  Piece  defcribe  the  Circumference  of  a  Circle,  which 
divide  into  twice  90  Degrees.  Then  draw  a  right  Line  from  the  90th  Degree  thro  the 
Center,  reprefenting  the  Equinoctial,  near  the  top  of  which  affume  a  Point  at  pleafure, 
thro  which  draw  a  right  Line  perpendicular  to  the  Equinoctial  Line,  which  fhall  be  the 
Hour-Line  of  6.  Then  to  have  the  other  Hour-Lines,  you  mull:  lay  off  the  anfwerable 
Tangents  upon  the  Equinoctial  Line  both  ways  from  the  Point  therein  of  the  Hour-Line 
of  6  ;  as  the  Tangent  of  15  deg.  for  the  Hour-Points  of  5  and  7  ;  the  Tangent  of  30  deg. 
for  4  and  8  ;  the  Tangent  of  45  deg.  for  3  and  p,  &c.  and  if  Lines  be  drawn  thro  thefe 
Points  parallel  to  the  Hour-Line  of  6>  thefe  will  be  the  Hour-Lines;  and  the  Length  of  the 
right  Style  mud  be  equal  to  the  Radius  or  Tangent  of  45  deg.  and  muft  be  placed  upright 
upon  the  Hour-Line  of  6,  at  the  Point  wherein  it  cuts  the  Equinoctial  Line. 

At  the  Points  C  C,  on  the  Hour-Line  of  9  in  the  Morning,  and  3  in  the  Afternoon,  are 
adjufted  two  fmall  knuckles,  in  which  is  placed  the  Piece  V,  which  may  lie  down  upon 
the  circular  Piece,  and  likewife  ftand  at  right  Angles  to  it.  Upon  this  Piece  are  pricked 
down  the  Hour-Lines  of  a  Polar  Dial,  from  9  in  the  Morning  to  12,  and  from  12  to  3  in 
the  Afternoon.  We  fhall  not  here  repeat  the  manner  of  drawing  thefe  Hour- Lines,  for 
we  have  fufficiently  fpoken  of  this  already,  as  likewife  how  to  draw  the  Arcs  of  the  Signs ; 
only  obferve,  that  the  Parallels  of  the  Signs  are  divided  into  every  10th  deg.  and  the  firft 
Letters  of  the  Names  of  the  Months  are  fet  down  in  their  proper  Place. 

The  Style  B  is  adjufted  to  the  circular  Piece  with  a  Joint,  that  fo  it  may  be  raifed  or 
lie  flat  upon  the  faid  Piece  ;  but  it  muft  be,  raifed  fo  that  the  Extremity  thereof  may  be 
exactly  over  the  Point  in  the  Equinoctial  Line  cut  by  the  Hour-Line  of  6,  and  the  Diftance 
of  the  faid  Extremity  from  this  Point  equal  to  the  Diftance  from  the  Hour-Line  of  9  to 
the  Hour-Line  of  <5. 

'The  Ufe  of  the  faid  Dial. 

If  you  have  a  mind  to  find  the  Hour  of  the  Day  before  Noon,  place  the  little  Line  on 
the  middle  of  the  hanging  Piece  L  upon  the  Latitude  of  thfe  Place  ;  on  that  Quadrant  on 
the  Right-hand  of  the  Style  B,  raife  the  Style  fo  that  the  Extremity  thereof  be  directly 
over  the  Interfe&ion  of  the  Equinoctial  and  the  Hour-Line  of  <S,  and  its  Diftance  from  that 
Point  of  Interfection  equal  to  the  Diftance  from  the  Hour-Line  of  9  to  the  Hour-Line  of 
6.  Then  holding  the  Dial  fufpended  by  its  Ring,  expofe  it  to  the  Sun,  fo  that  the  Sha- 
dow of  the  Extremity  of  the  Style  falls  upon  the  Day  of  the  Month  ;  and  you  will  have 
the  Hour  of  the  Day  upon  the  Eaft  or  Polar  Dial.  But  if  the  Hour  of  the  Day  be  re- 
quired in  the  Afternoon,  you  muft  put  the  hanging  Piece  on  the  Latitude  of  the  Place  up- 
on the  Quadrant  on  the  left  fide  of  the  Style,  and  turn  the  Dial  to  the  Sun  fo  that  the 
Shadow  of  the  Extremity  of  the  Style  falls  on  the  Degree  of  the  Sign  or  Day  of  the  Month. 
Then  you  will  have  the  Hour  of  the  Day  as  before. 

Thus  have  I  laid  down  the  Conftru&ion  and  Ufes  of  Portable  Dials,  chiefly  in  ufe, 
which  may  be  fet  North  and  South,  without  a  Compafs  or  Meridian  Line.  But  before  I 
clofe  this  Chapter,  I  fhall  briefly  defcribe  fome  other  Portable  Dials,  which  are  curious 
enough,  but  are  fomething  difficult  to  make. 

The  firft  of  thefe  is  a  horizontal  Dial  of  2  or  3  Inches  fquare,  which  we  make  of  Brafs  or 
any  other  folid  Metal,  for  a  given  Latitude,  and  whofe  Axis  (hewing  the  Hour,  is  a  Thread 
faftened  at  one  end  to  the  Center  of  the  faid  Dial,  and  the  other  end  of  which  is  hung  to 
the  top  of  a  pretty  thick  Brafs  Blade,  placed  at  the  Extremity  of  the  Dial  near  the  Hour- 
Line  of  12.  This  Blade  may  lie  down  upon  the  Plane  of  the  Dial,  and  is  kept  upright  by 
means  of  a  Spring  underneath  the  Dial  ;  and  the  Height  of  the  Notch  wherein  the  Thread 
lies  above  the  Plane  of  the  Dial,  is  equal  to  the  Tangent  of  the  Latitude. 

About  a  quarter  of  the  Height  of  the  faid  Blade  is  adjufted  thereon  a  Circle  or  Ring, 
proportioned  to  the  bignefs  of  the  Dial-Plate.  This  Ring  is  moveable  by  means  of  a  Joint, 
and  fo  may  lie  down  upon  the  Blade,  and  the  Blade  upon  the  horizontal  Dial-Plane  ;  and 
•when  the  Inftrument  is  ufing,  there  is  a  Prop  to  keep  this  Ring  at  the  Height  of  the  Equi- 
noctial, viz,.  41  deg.  but  when  the  Thread  ferving  for  an  Axis  is  extended,  it  muft  exactly 
pafs  thro  the  Center  of  this  Ring. 

The  Concavity  of  the  Ring  is  divided  into  Hours,  Halves  and  Quarters,  as  the  Equi- 
noctial Ring  of  the  univerfal  Ring-Dial  is ;  and  there  is  a  Bead  or  Pin's  Head  put  upon  the 
Thread,  that  fo  it  may  be  moved  to  the  Sign  the  Sun  is  in,  and  ferve  as  aCurfor  to  (hew 
the  Hour  of  the  Day  in  the  middle  of  the  Concavity  of  the  Ring  or  Equinoctial. 

Now  to  place  the  Bead  to  the  Sign  or  proper  Month,  you  muft  have  a  feparate  Brafs 
Riglet,  having  the  Signs  of  the  Zodiack,  as  alfo  the  Days  of  the  Months  drawn  thereon  in 
the  manner  they  were  drawn  upon  the  Bridge  of  the  univerfal  Ring- Dial ;  and  having  placed 
the  faid  Riglet  from  the  Center  of  the  horizontal  Dial  along  the  Thread  or  Axis,  Aide  the 
Bead  to  the  Degree  of  the  Si«n  the  Sun  is  in,  and  then  take  away  the  Riglet,  and  fo  will 
the  Bead  be  placed  for  fhewing  the  Hour  of  the  Day. 

On  the  backfide  of  the  Blade  is  drawn  an  upright  Line  for  a  Plumb-Li ne  to  play  on,  that 
ft>  the  Dial  may  be  fet  level.  Note,  This  Dial  may  be  rendered  univerfal,  if  an  Arc  of  a 
Circle  divided  into  Degrees  be  adjufted  behind  the  Blade  by  means  of  a  Joint,  fo  as  it 

may 
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may  lie  upon  the  Blade,  and  the  Point  whereon  the  Plumb-Line  is  hung  by  the  Center  of 
the  faid  Arc  ;  for  then  the  Dial  may  be  fet  to  the  Latitude,  by  making  the  PIumb-Line  fall 
upon  the  proper  Degree  on  the  circular  Arc.  Ic  is  proper  alfo  to  obferve,  that  the  Hours 
from  eight  in  the  Evening  to  four  in  the  Morning  may  be  taken  away  from  the  Equinoctial 
Ring,  that  fo  this  Dial  may  be  of  ufe  at  the  time  of  the  Equinox. 

The  Ufe  of  the  aforefaid  Dial. 

Having  placed  the  Bead  to  the  Degree  of  the  Sign  the  Sun  is  in,  or  Day  of  the  Month, 
as  before  directed,  expofe  the  Dial  to  the  Sun,  and  turn  it  to  the  right  or  left  until  the 
Shadow  of  the  Bead  falls  upon  the  fame  Hour  or  Part,  on  the  middle  of  the  Concavity  of 
the  Equinoctial  Ring,  as  the  Shadow  of  the  Thread  or  Axis  does  on  the  horizontal  Dial  ; 
and  then  that  will  be  the  true  time  of  the  Day. 

We  make  feveral  other  Portable  Dials,  as  horizontal  Aftrolabes,  being  Projections  of  the 
Sphere  upon  the  Plane  of  the  Horizon ;  other  Aftrolabes  vertically  ufed  by  means  of  a 
Plumb-Line ;  horizontal  Dials  made  by  means  of  £he  Sun's  Altitudes,  which  are  likewife 
fet  North  and  South  without  a  Compafs,  and  whereon  the  Signs  are  drawn  by  right 
Lines  iffuing  from  the  fame  Center,  and  the  Hour-Lines,  curve  Lines  ;  as  likewife  other 
Portable  Dials,  which  are  curious  enough,  whofe  Conftruction  and  Figures  we  referve  for 
another  time. 

Horizontal  Dials  whereon  are  drawn  the  Signs,  as  that  of  Fig.  7.  Plate  23.  may 
likewife  be  fet  North  and  South  without  a  Compafs,  if  the  Dial  be  fo  placed  in  the  Sun, 
that  the  Shadow  of  the  Extremity  of  the  right  Style  falls  upon  the  Degree  of  the  Sign  the 
Sun  is  in,  or  Day  of  the  Month.  But  here  there  is  this  Inconveniency,  that  the  Diftance  of 
the  Parallel  of  Cancer  from  the  adjacent  Parallels  is  fo  fmall,  that  the  Space  of  10  Days 
there  cannot  be  diftinguifhed.  So  that  when  we  have  done  all  we  can,  it  is  fcarce  poflible 
to  make  a  Portable  Dial  that  can  be  fet  North  and  South  without  a  Compafs  or  Meridian 
Line,  without  falling  into  one  of  thefe  Inconveniencies,  either  of  having  the  Hour- Lines 
near  Noon  too  nigh  each  other,  or  not  exactly  fhewing  the  Hour  of  the  Day  at  the  time  of 
the  Solftices,  becaufe  of  the  fmall  Difference  that  there  is  in  the  Sun's  Elevations  and  Decli- 
nation at  thofe  times. 


CHAP.     VI. 

Of  the  Conftrudion  and  Vfe  of  a  Moon-Dial,  and  a  Noflurnal 

or  Star-Dial. 

Of  the  ConftruBion  of  a  Horizontal  Dial  for  /hewing  the  Hour  of  the  Night  by  the  Moon. 
f*Tp  H  I  S  is  called  a  Moon-Dial,  becaufe  by  it  you  may  tell  in  the  Night  by  the  Shadow  Fig.  11. 

j  of  the  Moon,  what  Hour-Circle  the  Sun  is  in.  It  confifts  of  two  Pieces  or  Plates 
of  Brafs,  or  other  folid  Matter,  of  a  bignefs  at  pleafure.  The  under-Plate  H,  is  in  figure 
of  a  Parallelogram,  and  the  upper  one  A  \is  circular,  turns  about  the  fhadowed  Space  L, 
and  the  Center  B,  and  has  a  Horizontal  Dial  drawn  upon  it  for  the  Latitude  of  the  Place, 
according  to  the  Rules  before  prefcribed  tor  drawing  Horizontal  Dials.  The  under  Plate 
iiath  a  Circle  thereon  divided  into  50  unequal  Parts,  for  the  Days  of  a  Lunar  Month. 
Thefe  Diviiions  are  made  thus  ;  let  D  E  be  the  Equinoctial  Line  by  which  the  Horizontal 
Dial  was  drawn,  and  F  the  Center  of  the  Equinoctial  Circle,  (or  the  Center  by  which  the 
Equinoctial  Line  is  divided.)  About  this  Center  defcribe  a  dotted  Circle,  and  divide  it  into 
30  equal  Parts,  or  half  of  it  into  15,  and  having  laid  the  edge  of  a  Ruler  on  the  Center  F, 
lay  it  over  each  Point  of  the  Divifions  of  the  faid  Circle  one  after  another,  and  prick  down 
Points  upon  the  Equinoctial  Line  ;  then  lay  the  Ruler  to  the  Center  B,  and  on  each  Point  of 
D;vifion  of  the  Equinoctial  Line,  and  divide  the  Circle  H  ;  and  when  you  have  divided  half 
of  it,  transfer  the  fame  Divifions  on  the  other  Semi-circle,  and  by  this  means  the  whole 
Crcle  will  be  divided  into  30  unequal  Parts  for  the  30  Days  of  a  Lunar  Month,  about 
which  Numbers  muft  be  graved,  as  they  appear  per  Figure.  This  being  done,  place  the 
AxisB  C  anfwering  to  the  Elevation  of  the  Pole,  and  difpofe  it  fo  that  when  it  is  fet  up 
it  may  not  hinder  the  Hour-Plate  from  turning  about  the  Center  B. 

'The  Ufe  of  this  Dial 
The  Moon's  Age  muft  be  found  by  an  Ephemeris,  or  by  the  Epact,  that  fo  the  Point  of 
the  Hour-Line  of  12  on  the  Horizontal  Dial  may  be  applied  to   the  Day  of  her  Age  in  the 
Circle  H  of  the  under  Plate. 

But  before  we  go  any  further,  you  muft  obferve,  that  the  Moon  by  her  proper  Motion 
recedes  Eaftwards  from  the  Sun  every  Day  about  48  Minutes  of  an  Hour,  that  is,  if  the 
Moon  is  in  Conjunction  with  the  Sun  on  any  Day  upon  the  Meridian,  the  next  Day  flie 

will 
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will  crofs  the  Meridian  about  three  quarters  of  an  Hour  and  fome  Minutes  later  than  the 
Sun  :  and  this  is  the  reafon  that  the  Lunar  Days  are  longer  than  the  Solar  ones  ;  a  Lunar 
Day  being  that  Space  of  Time  elapfed  between  her  Paflage  over  the  Meridian,  and  her  next 
Paflaae  over  the  lame  ;  and  thefe  Days  are  very  unequal  on  account  of  the  Irregularities  of 
the  Moon's  Motion. 

Now  when  the  Moon  is  come  to  be  in  Opposition  to  the  Sun,  fhe  will  again  be  found  in 
the  fame  Hour-Circle  as  the  Sun  is ;  fo  that  if,  for  example,  the  Sun  fhould  be  then  in  the  Me- 
ridian of  our  Antipodes,  the  Moon  would  be  in  our  Meridian,  and  confequently  would  fhew 
the  fame  Hour  on  our  Sun-Dials  as  the  Sun  would,  if  it  was  above  the  Horizon.  But  this 
Conformity  would  be  of  fmall  duration,  becaufe  of  the  Moon's  retardation  of  about  two 
Minutes  every  Hour.  If  moreover  the  Sun,  at  the  time  of  the  Oppofition,  be  juft  fetting 
above  our  Horizon,  the  Moon  being  diametrically  oppofite  to  it  will  be  juft  rifing,  &c.  and 
therefore  to  remedy  the  faid  Retardation,  we  have  divided  the  Circle  H  into  50  Parts. 

Now  the  Point  of  the  Hour-Line  of  12  on  the  Horizontal  Dial  being  put  to  the  Moon's 
A^e  as  above  directed,  and  the  under-Pfate  fet  North  and  South  by  means  of  a  Compafs 
or^Meridian  Line,  the  Shadow  of  the  Style  will  Ihew  the  Hour  of  the  Night ;  but  to  have 
the  Hour  more  exact,  you  muft  know  whether  it  is  the  firft,  fecond  or  third  Quarter  of' 
the  Moon's  Day  that  you  feek  the  Hour  in,  that  fo  the  Point  of  the  Hour-Line  of 
12  may  be  fet  againft  a  proportionable  part  of  one  of  the  30  Spaces  or  Lunar  Days  of  the 

Circle  H. 

The  Table  on  t'he  under-Plate  H,  is  ufed  for  finding  the  Hour  of  the  Night  by  the 
Shadow  of  the  Moon  upon  an  ordinary  Dial.  To  make  this  Table,  draw  4  Parallel 
right  Lines  or  Curves  of  any  length,  and  divide  the  Space  1 1  into  twelve  equal  Parts  for 
12  Hours,  and  the  two  other  Spaces  K  K  into  15,  for  the  30  Lunar  Days. 

The  Ufe  of  this  'Table. 

Firft  obferve  what  Hour  the  Shadow  of  the  Moon  fhews  upon  a  Sun-Dial ;  then  find  the 
Moon's  Age,  and  feek  the  Hour  correfpondent  thereto  in  the  Table,  and  add  the  Hour 
fhewn  by  the  Sun-Dial  thereto  ;  then  their  Sum,*  if  it  be  lefs  than  12,  or  elfe  its  excefs 
above  12,  will  be  the  true  Hour  of  the  Night.  For  example;  Suppofe  the  Hour  fhewn 
upon  the  Sun-Dial  by  the  Moon,  be  the  6th,  and  her  Age  be  5  or  20  Days,  againft  either 
of  thefe  Numbers  in  the  Table  you  will  find  4,  which  added  to  6  makes  10,  and  fo  the 
Hour  of  the  Night  will  be  10.  Again,  Suppofe  the  Moon  fhews  the  Hour  of  9  upon  the 
Sun-Dial,  when  file  is  10  or  25  Days  old,  againft  10  and  25  in  the  Table  you  will  find  8, 
which  added  to  9,  makes  17^  from  which  1.2  being  taken,  the  Remainder  5  will  be  the 
true  Hour  fcught.     And  fo  of  others. 

To  find  the^Moon's  Age,  you  muft  firft  find  the  Golden  Number;  and  this  is  done  by 
adding  1  to  the  given  Year,  and  dividing  the  Sum  by  iq,  and  the  Remainder  will  be  the 
Golden  Number.  Then  you  muft  find  the  Epact,  by  means  of  the  Golden  Number;  and 
this  is  done  thus:  Divide  the  Golden  Number  by  3,  and  each  Unit  remaining  being  called 
10,  will  be  the  Epact,  if  the  Sum  be  lefs  than  30;  but  if  above  30,  30  being  taken  from 
k,'and  the  Remainder  added  to  the  Golden  Number  will  be  the  Epacr.  The  Epact  being 
found,  the  Moon's  Age  may  be  had  after  this  manner  :  If  the  Moon's  Age  be  fought  in 
January,  add  o  to  the  Epact ;  in  February,  2  ;  in  March,  1  $  in  April,  2  ;  in  May,  3  ;  in 
June,  4;  in  July,  5;  in  Auguft,  6;  in  September,  8  ;  in  OB  her,  8  ;  in  November,  10;  and 
in  December,  10:  and  the  Sum,  if  it  be  lefs  than  30,  or  the  excefs  above  30,  added  to  the 
Day  of  the  given  Month  (rejecting  30  if  need  be)  will  be  the  Moon's  Age  that  Day. 
For  example,  to  find  the  Moon's  Age  the  14th  Day  of  March,  in  the  Year  1716.  (O.  S.) 
the  Golden  Number  is  7,  and  the  Epact  17, ;  therefore  adding  1  for  March  to  17,  and  the 
Sum  will  be  18  ;  and  if  to  this  18  be  added  14  for  the  Day  of  the  Month,  the  Sum  will  be 
32,  from  which  30  being  taken,  and  the  Remainder  2  will  be.  the  Moon's  Age.  Note, 
This  way  of  finding  the  Moon's  Age  is  not  fo  exacl  as  we  have  it  by  the  Ephemeris.  Like- 
wile  obferve,  that  vertical  Moon-Dials  may  be  made  in  the  manner  as  the  horizontal  ones  are, 
but  the  Divifions  of  30  Parts  upon  Equinoctial  Dials  muft  be  equal,  and  the  moveable 
Circle  divided  into  24  equal  Parts,  &c. 

T'he  Con/lruflicn  of  a  NoEiurnal  or  Star- Dial. 

The  13th  Figure  fhews  the  Difpofition  of  the  chief  Stars  compofing  the  Conftellation  of 
Urfa  Major,  and  Urfa  Minor,  about  the  Pole  and  the  Pole-Star . 

The  Nocturnal  we  are  going  to  mention,  is  made  by  the  Confideration  of  the  diurnal 
Motion,  that  the  two  Stars  of  Ufa  Major,  called  his  Guards,  or  the  bright  Star  of  Urfa 
Minor,  make  about  the  Pole,  or  the  Pole  Star,  which  at  prefent  is  but  about  2  deg.  diftant 
from  the  Pole. 

Now  to  conftruct  this  Xnftrument,  you  muft  firft  know  the  right  Afcenfion  of  the  faid 
Stars,  or  in  what  Days  of  the  Year  they  are  found  in  the  fame  Hour-Circle  as  the  Sun  is. 
This  may  be  found,  by  Calculation,  on  a  Globe,  or  a  Celeftial  Planifphere,  by  placing  the 
Star  in  queftion  under  the  Meridian,  and  examining  what  Degree  of  tiie  Ecliptick  will 
be  found  at  the  fame  time  under  the  Meridian.    By  this  Method  you   will  find  that  the 

bright 
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bright  Star  or  Guard  of  the  Little  Bear,  was  found  twice  in  one  Year  with  the  Sun  under 
the  Meridian,  viz,,  in  the  Year  171 5,  once  the  2th  of  May,  (N.  S.)  above  the  Pole,  and 
again  the  2th  of  November  below  the  Pole.  Therefore  in  the  faid  two  Days  of  the  Year, 
the  abovementioned  Star  will  be  in  all  the  Hour-Circles  at  the  fame  time  as  the  Sun  is  ; 
and  confequently  will  fhew  the  fame  Hour.  "You  will  find  alfo,  that  the  two  Guards  of 
Urfa  Major  were  found  two  other  Days  of  the  Year  under  the 'fame  Meridian  or  Hour- 
Circle  as  the  Sun,  viz,,  the  firft  Day  of  September  below  the  Pole,  and  the  firft  Day  of 
March  above  it.  And  in  thefe  two  Days  the  faid  Stars  will  fhew  the  fame  Hours  as  the 
Sun  does ;  but  becaufe  the  fixed  Stars  return  to  the  Meridian  every  day  about  1  deg. 
fooner  than  the  Sun,  or  four  Minutes  of  an  Hour,  which  is  two  Hours  per  Month,  it  is 
this,  which  is  to  be  obferved  for  having  the  Hour  of  the  Sun,  which  is  the  Meafure  of 
our  Days. 

Thefe  things  being  premifed,  it  will  not  be  difficult  to  make  a  No&urnal  or  Star-Dial, 
in  the  following  manner : 

The  Inftrument  is  compofed  of  two  circular  Plates  applied  on  each  other  ;  the  greater  of  pig«  T4r 
which,  having  a  Handle  for  holding  up  the  Inftrument  when  ufing,  is  about  two  Inches 
and  a  half  in  Diameter,  and  is  divided  into  twelve  Parts  for  the  twelve  Months  of  the 
Year,  and  each  Month  divided  into  every  <$th  Day  ;  fo  that  the  middle  of  the  Handle  exa&Iy 
anfwers  to  the  Day  of  the  Year  wherein  that  Star  which  is  ufed  has  the  fame  right  Afcen- 
fion  as  the  Sun  has.  If,  for  example,  this  Inftrument  be  made  for  the  two  Guards  of 
Vrfa  Major,  the  firft  Day  of  September  muft  be  again  ft  the  middle  of  the  Handle  ;  and  if  it 
be  made  for  the  bright  Star  of  Urfa  Minor,  the  2th  Day  of  November  muft  be  againft  the 
middle"  of  the  Handle.  Therefore  if  you  will  have  the  Inftrument  ferve  for  both  thefe 
Stars,  the  Handle  muft  be  made  moveable  about  the  faid  circular  Plate,  that  fo  it  may  be 
fixed  according  to  neceffity  ;  and  this  is  eafy  to  do  by  means  of  two  little  Screws. 

This  being  done,  the  upper  lefler  Circle  muft  be  divided  into  24  equal  Parts,  or  twice 
12  Hours,  for  the  24  Hours  of  the  Day,  and  each  Hour  into  Quarters,  according  to  the 
Order  appearing  in  the  Figure.  Thefe  24  Hours  are  diftinguiihed  by  a  like  Number  of 
Teeth,  whereof  thofe  whereat  the  Hours  of  12  are  marked  are  longer  than  the  others, 
that  fo  the  Hours  may  be  counted  in  the  Night  without  a  Light. 

In  the  Center  of  the  two  circular  Plates  is  adjufted  a  long  Index  A,  moveable  about  the 
fame  upon  the  upper  Plate.  *  Thefe  three  Pieces,  viz,,  the  two  Circles  and  the  Index,  are 
joined  together  by  means  of  a  headed  Rivet,  and  pierced  fo,  that  there  is  a  round  Hole 
thro  the  Center  about  two  Inches  diameter,  for  eafy  feeing  the  Pole-Star  thro  it.  Note,  The 
Motions  of  the  upper-Plate  and  Index  ought  t©  be  pretty  ftirT,  that  fo  they  may  remain 
where  they  are  placed  when  the  Inftrument  is  ufing. 

'The  Ufe  of  this  Inftrument. 
Turn  the  upper  circular  Plate  till  the  longeft  Tooth  whereat  is  marked  12  be  againft 
the  Day  of  the  Month  on  the  under  Plate  ;  then  bringing  the  Inftrument  near  your  Eyes, 
hold  it  up  by  the  Handle,  fo  that  it  leans  neither  to  the  Right  or  Left,  with  its  Plane 
■  as  near  parallel  to  the  Equinoctial  as  you  can  ;  and  looking  at  the  Pole-Star  thro  the. 
Hole  in  the  Center  of  the  Inftrument,  turn  the  Index  about,  till  by  the  Edge  coming 
from  the  Center,  you  can  fee  the  bright  Star  or  §Guard  of  the  Little  Bear,  if  the  In- 
ftrument be  adapted  for  that  Star,  and  that  Tooth  of  the  upper  Circle  that  is  under  the 
Ed^e  of  the  Index,  is  at  the  Hour  of  the  Night  upoiVthe  Edge  of  the  Hour-Circle ;  which 
may  be  known  without  a  Light,  by  accounting  the  Teeth  from  the  longeft,  which  is  for  the 
Hour  of  12. 

You  muft  proceed  in  this  manner  for  finding  the  Hour  of  the  Night,  when  the 
Inftrument  is  made  for  the  Guards  of  Urfa  Major,  which  Stars  are  nearly  in  a  right 
Line  with  the  Pole-Star,  are  of  the  fame  Magnitude,  and  are  very  ufeful  for  finding  the 
Pole-Star. 

CHAP.     VII. 

Of  the  Confkruttion  of  a  Water-Clock. 

THIS  Clock  is  compofed  of  a  Metalline  well  foldered  Cylinder,  or  round  Box  B,  Fig.  15; 
wherein  is  a  certain  quantity  of  prepared  Water,  and  feveral  little  Cells,  which  com- 
municate with  each  other  by  Holes  near  the  Circumference,''  and  which  let  no  more  Water 
run  thro  them  than  is  neceflary  for  making  the  Cylinder  defcend  flowly  by  its  proper  Weight. 
This  Cylinder  is  hung  to  the  Points  A  A  by  two  fine  Cords  of  equal  thicknefs,  which 
are  wound  about  the  Iron  Axle-tree  D  D,  which  Axle-tree  goes  thro  the  exact  middle  of 
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the  Cylinder  at  right  Angles  to  the  Bafes,  and  as  it  defcends  fhevvs  the  Hour  marked  up- 
on a  vertical  Plane  on  both  fides  of  the  Cylinder.  The  Divifions  on  this  Plane  are  made 
thus:  Havng  woundup  the  Cylinder  to  the  top  of  the  Plane  from  whence  you  would 
begin  the  Honr-Divilions,  let  it  defcend  12  Hours,  reckoned  by  a  Clock  or  good  Sun-Dial 
ana  note  the  Place  where  the  Axle-tree  is  come  to  at  the  end  of  that  time,  and  di- 
vide the  Space  the  Axle-tree  has  moved  thro  in  12  equal  Parts,  each  of  which  fetNumbers 
to,  for  the  hi  ours. 

We  make  likev  .fe  Clocks  of  this  kind,  that  fhew.  the  Hour  by  a  Hand  tumin°-  about  a 
Dial-F^te,  as  appears  in  the  fame  Figure.  This  is  done  by  means  of  a  Pulley  four  or  five 
Inches  in  diameter,  fattened  behind  the  Dial-Plate  on  a  Brafs  or  Steel  Rod,  going  thro  the 
Center  thereof  ;  one  end  of  this  Rod  goes  into  a  little  Hole  for  fupporting  it,  and  at  the 
other  end  is  fixed  the  Hand  (hewing  the  Hour. 

The  faid  Hand  turns  by  means  of  a  Cord  put  about  the  Pulley,  one  end  of  which  fup- 
ports  the  Axle-tree  at  the  Place  H,  and  at  the  other  end  is  hung  a  fmall  Weight  F  ;  then  as 
the  Cylinder  {lowly  defcends,  it  caufes  the  Pulley  to  turn  about,  and  confequently  the 
Hand,   which  by  this  means  fhews  the  Hour. 


The  Circumference  of  the  Pulley   muft   be  equal  to  the  Length  the  Axle-tree  of  the  Cy- 

id   for  this  End  you  muft  take  that  Length  ex- 
actly with  a  String,  and  then  make  the  Circumference  of  the  Pulley  equal  to  the  Length   of 


linder  moves  thro  during  twelve  Hours;  and   for  this  End  you  muft  take  that  Length 


the  String;  and  fo  the  Pulley  and  Hand  will  go  once  round  in  twelve  Hours.  When  the 
Cylinder  defcends  a  little  too  fwift,  ajid  confequently  the  Hand  moves  too  faft,  then  the 
Weight  F  muft  be  made  Heavier ;  and  when  it  defcends  too  flow,  it  muft  be  made  lighter. 

77,  e  CohftruBion  of  the  Cylinder  or  Round  Box. 

Fig.  1 6.  This  Cylinder  is  fometimes  made  of  beaten  Silver,  but  commonly  with  Tin.     The  Dia- 

meter or  each  Bafe  thereof  is   about  5  Inches,  and  the  Height  2. 

The  Inade  of  this  Cylinder  is  divided  into  feven  little  Cells,  (and  fometimes  into  five) 
as  the  Fi^uie  Hiews.  Thefe  little  Ceils  are  made  by  foldering  feven  Silver  or  Tin  inclined 
Pianes  to  each  Bafe,  and  the  concave  Circumference  of  the  Cylinder  ,•  each  of  which  are 
about  2  Inches  long,  as  B  F,  A  L,  E  I,  D  H,  C  G.  Thefe  Ceils  have  fuch  an  Inclination 
when  they  turn  about,  that  they  receive  the  Water  thro  a  little  Hole  in  each  Plane  near 
the  Crcu  reference,  and  by  this  means  let  it  run  from  one  Cell  to  the  other;  fo  that  as  the 
Cylinder  rolls,  it  defcends,  and  fhews  the  Hour  upon  a  vertical  Plane  by  the  Extremity  of 
the  Axle-tree,  which  (as  we  have  faid)  goes  thro  the  fquare  Hole  M  in  the  middle  of  the 
Cylinder.  Note,  In  a  Cylinder  of  the  abovefaid  bignefs  we  ufually  pour  feven  or  eight 
Ounces  of  diltilled  Water.  But  before  the  Water  be  poured  in, -you  muft  take  great  care 
to  vt  ell  folder  the  inclined  Planes  to  the  Bafes  and  Circumference.  After  this,  the  Water 
muft  be  poured  thro  two  Holes  polked  on  one  and  the  fame  Diameter,  equally  diftant  from 
the  Center  M ;  then  thefe  Holes  muft  be  well  ftopped  with  foldering,  that  fo  the  Air  may 
nor  get  in,  or  the  Water  run  out  while  the  Cylinder  is  turning  about. 

You  may  perceive,  by  the  Figure,  that  the  inclined  Planes  within  the  Cylinder  do  not 
join  each  other,  but  end  in  G,  H,  I,  L,  F,  that  fo  when  the  Cylinder  is  winding  up,  the 
Waier  may  ruif  fwiftly  from  one  Cell  to  the  other,and  the  Cylinder  remain  at  any  Height  one 
pleafes ;  becaufe  that  at  every  Motion  we  give  it  when  winding  up,  the  Water  running  in 
a  great  Quantity  thro  the  Openings,  the  Cylinder  will  prefently  afTume  its  Equilibrium,  which 
would  not  happen  if  the  Ceils  were  abfolutely  inclofed  :  for  the  little  Holes  in  the  inclined 
Planes,  are  not  furhxient  for  letting  the  Water  run  thro  them  fo  fwift  as  it  ought,  it  going 
through  them  but  by  drops. 

It  is  manifeft,  if  this  Cylinder  "\vas  fufpended  by  the  Center  of  Gravity  thereof  as  would 
happen  if  the  Surface  of  the  Axle-tree  fhould  exactly  pafs  thro  the  Center  of  the  faid 
Cylinder,  it  would  remain  at  reft  ;  and  the  Caufe  of  its  Motion  is,  that  it  is  fufpended 
without  the  Center  of  Gravity  by  the  Cord's  going  about  the  Axle-tree,  which  ouo-ht  not 
to  be,  with  regard  to  the  bignefs  of  the  Cylinder,  and  the  quantity  of  Water  in  it  but 
about  one  Line,  or  one  Line  and  a  half,  in  thicknefs. 

From  what  has  been  faid,  it  is  evident  that  the  Swiftnefs  or  Slownefs  of  the  Motion  of 
the  Cylinder  depends  upon  the  thicknefs  of  the  Axle-tree  ;  for  the  thicker  the  Axle-tree 
is,  the  flower  will  the  Cylinder  defcend,  and  contrariwife,  becaufe  it  has  more  or  lefs 
Excentricity,  and  confequently  the  Water  will  run  more  or  lefs  fwift  from  one  Cell  to 
another;  by  which  means  the  Force  cf  its  Motion  will  be  more  or  lefs  ballanced  by  the 
Weight  of  the  Water  contained  in  the  oppofite  Cell. 

If  you  have  a  mind  to  fee  the  Circulation  of  the  Water  in  one  of  thefe  Cylinders,  you 
may  have  one  made  that  fhall  have  a  Glafs  Bafe  ;  but  then  it  will  be  difficult  to  find  a 
Matter  that  fhall  make  the  inclined  Planes  ftick  firm  to  this  Glafs  Cafe,  and  this  to  the  Cir- 
cumference of  the  Cylinder. 

When  the  Cylinder  is  nearly  defcended  to  the  bottom  of  the  Cords,  you  mull:  raife  it  up 
with  your  Hand,  making  it  turn  at .  the  fame  time,  fo  that  the  Cords  may  equally  roll  all 
along  the  Axle-tree,  and  that  it  be  hung  horizontally. 


Chap.  8.  of  Sun-Dials.  ztf 

I  have  hinted  before,  thae  the  Water  poured  into  the  Cylinder  muft  be  diftilled,  other- 
wire  it  muft  be  often  changed,  becaufe  it  makes  a  Slime  about  the  fmall  Holes  thro  which  it 
runs,  which  hinders  its  runjiing  as  it  fhould  do. 

CHAP.    VIII. 

Of  the  ConflruStion  of  an  Inftrwnent,  [hewing  on   vjhat  Point  of 
the  Compafs  the  Wind  blows,  without  going  out  of  ones  Room. 

T7  O  U  muft  affix  to  the  Ceiling,  Mantle-tree,  or  Wall  of  a  Room,  a  Circle  divided  into 
j[_  32  equal  Parts,  for  the  32  Points  of  the  Compafs,  fo  that  the  North  and  South  Points 
thereof  exactly  anfwer  to  the  Meridian  Line,  which  may  be  eafily  done  by  a  Compafs. 
Then  there  muft  be  a  Hand  made  moveable  about  the  faid  Circle,  and  this  Hand  muft  be 
turned  about  by  an  upright  Axle-tree,  which  may  be  turned  round  by  the  leaft  Wind 
blowi        :ainft  the  Fane  at  the  top  thereof,  above  the  Roof  of  the  Houfe. 

But  to  explain  this  more  fully,  confult  Fig.  17.  The  Wind  turning  the  Fane  A  B,  (which  Fig.  17. 
ou^ht  to  be  of  Iron)  fixed  to  the  top  of  the  Axle-tree  C  D,  turns  this  Axle-tree,  which 
is  placed  upright,  and  fuftained  towards  the  top  by  the  horizontal  Plane  E  F,  which  is  a 
piece  of  Iron  faftened  to  fome  convenient  Place  for  holding  up  the  Axle-tree.  And  at  the 
bottom  of  the  faid  Axle-tree  is  placed  a  Steel  fquare  G  H,  having  a  (hallow  fmall  Hole  D 
made  therein  for  the  Point  of  the  Axle-tree,  which  ought  to  be  of  tempered  Steel  for  theAxle- 
tree  to  ftand  in,  and  move  with  the  leaft  Wind.  The  Pinion  I  K  muft  have  8  equal  Teeth 
for  the  8  principal  Winds.  The  Teeth  ot  this  Pinion  take  into  the  Teeth  of  the  Wheel 
M  L,  whofe  Number  are  16  or  32,  according  to  the  Points  denoted  upon  the  Circle  Y  Z  ; 
and  fo  this  Wheel  is  turned  about  by  the  Fane,  as  alfo  its  Axis  P  Q,  which  being  placed 
horizontally,  goes  thro  the  Wall  T  at  right  Angles  to  it,  as  alfo  to  the  Circle  of  Winds 
Y  Z,  fixed  to  the  Wall.  The  Hand  R  (hewing  which  way  the  Wind  blows,  is  fixed  to  the 
end  of  this  Axle-tree  P  Q_>  and  turns  along  with  it;  and  the  Names  of  the  Winds  muft  be 
diftinguifhed  by  Capital  Letters,  as  on  Compafs  Cards. 

By  the  Difpofition  of  the  whole  Inftrument  it  is  eafy  to  perceive,  that  when  the  Wind 
turns  the  Fane  A  B,  this  likewife  turns  the  Axle-tree  C  t),  which  at  the  fame  time 
turns  the  Pinion  I  K,  and  the  Pinion  I  K  the  Wheel  L  M,  and  this  the  Axis  Q  P,  and 
Q  P  the  Hand.  And  fo  you  may  fee  which  way  the  Wind  blows,  without  going  out  of 
the  Room. 

A  port  Defer  iption  of  the  principal  Tools  ufed  in 
making  of  Mathematical  Infiruments. 

TH  E  chief  and  moft  neceffary  Tool  is  a  large  Vice,  ferving  to  hold  Work  while 
it  is  filing,  &c  It  is  necefiary  that  this  Tool  be  well  filed,  that  the  Chops  meet 
each  other  exactly,  that  they  be  cut  like  a  File,  be  in  good  temperature,  that  the 
Screw  be  adjufted  as  it  fhould  be  in  its  Box  ;  and  that  the  whole  Tool  be  well  fixed  to  a 
Bench.     There  are  alfo  Hand- Vices  of  different  bignefies,  according  to  the  Work  to  be 

filed.  ,  •        ' " ': 

The  Anvil,  which  ferves  ror  hammering  Work  upon,  ought  to  be  very  fmooth  and  of 
tempered  Steel,  and  placed  upon  a  great  wooden  Billot,  fo  that  it  may  not  give  way  when 
it  is  working  upon. 

There  are  alfo  Bench-Anvils  for  ftrengthening  and  rivetting  fmall  Work ;  fome  of  thefe, 
which  are  called  Bee's,  and  ferve  to  make  Ferrils  upon,  &c.  have  one  fide  Conical,  and  the 
other  in  figure  of  a  fquare  Pyramid. 

Hand-Saws  are  made  fo  as  to  have  Branches  drawing  the  Blades  (which  are  of  different 
bigneffes)  ftraight  by  means  of  Screws  and  Nuts. 

It  is  necefiary  to  have  good  Files.  The  rough  ones  made  in  Germany  are  the  bed ;  and 
the  fmooth  and  baftard  Files  of  England  are  very  good.  There  are  alfo  fmall  rough  and 
fmooth  Files,  for  filing  Work  Triangular,  Square,  Circular,  Semi-circular,  &c.  Rafps  for 

fafhioning 
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fafhioning  of  Wood  ;  feveral  forts  of  Hammers  for  ftraightening,  fmoothing,  rivetting,  &c> 
of  Work  j  Tapes  and  Plates  for  making  Screws. 

Pincers  and  Knippers  of  feveral  kinds.  Suffers  of  feveral  fizes  for  cutting  of  Metals. 
Burnifhing-Sticks  for  polifhing  Work.  Steel-Drills  of  divers  bignefles  for  making  of  Holes 
thro  Work,  having  one  end  filed  like  a  Cat's  Tongue,  and  the  other  fharp.  Thefe  Drills  are 
ufed  different  ways  ;  for  fome  of  them  are  placed  in  a  drilling  Leath,  which  is  compofed  of  a 
fmall  fquare  Iron-Bar,  and  two  little  Poupets  or  Heads  carrying  a  Pulley,  wherein  is  placed 
the  Drill  in  a  fquare  Hole  going  thro  it,  which  is  turned  by  means  of  a  little  Cat-gut  Bow. 
Note,  This  Tool  is  placed  in  a  Vice  when  it  is  ufing.  Brafs  or  Wood  may  be  drilled  alfo  by 
putting  it  firft  into  the  Vice,  and  the  Drill  in  a  Pulley.  Then  if  the  end  of  the  Drill  be  put 
into  a'fhallow  Cavity  made  in  a  piece  of  Brafs  or  Iron,  placed  againft  your  Breaft,  and 
the  Point  thereof  be  put  to  the  thing  you  would  make  a  Hole  thro ;  by  turning  the 
Drill  fwiftly  about  by  means  of  the  Bow,  and  at  the  fame  time  preffing  it  with  your  Breaft 
againft  the  thing  to  be  drilled,  you  will  foon  make  a  Hole  thro  it. 

The  Leath  is  alfo  of  great  ufe ;  the  moft  fimple  of  them  is  made  of  two  Brafs  or  Iron 
Poupets  or  Heads  Aiding  along  a  fquare  Iron-Bar,  and  a  Support  which  alfo  Aides  along 
the  faid  Bar,  upon  which  the  Tools  are  laid  when  they  are  ufing.  At  the  top  of  the 
Poupets  are  two  Screws  of  tempered  Steel  going  thro  them,  which  are  fixed  by  means 
of  Nuts.  When  this  Leath  is  to  be  ufed,  it  muft  be  placed  in  a  Vice,  and  the  thing 
to  be  turned,  between  the  two  Points  of  the  Screws  j  and  if  you  have  a  mind  to  turn 
with  your  Hand,  you  muft  ufe  a  Cat-gut  Bow. 

Great  Leaths  for  turning  with  one's  Foot  are  compofed  of  two  wooden  Poupets,  and 
two  wooden  fide  Beams,  of  a  length  and  breadth  proportional  to  the  bignefs  of  the 
Leath,  which  are  fuflained  by  two  Pieces  of  Wood  called  the  Feet  of  the  Leath.  Thefe 
fide  Beams  are  placed  level,  about  two  or  three  Inches  diftant  from  each  other,  according 
to  the  bignefs  of  the  Poupets  put  between  them,  and  the  ends  of  them  are  adjufted  upon 
the  Feet,  which  are  about  four  Foot  high,  and  they  are  likewife  joined  underneath 
by  two  or  three  crofs  pieces  of  Wood,  tor  rendering  the  Machine  more  ftable  and 
folid. 

The  Poupets,  which  are  two  pieces  of  Wood  of  equal  length  and  thicknefs,  have  one 
part  of  each  cut  fo  as  to  go  in  between  the  fide  Beams  ;  and  the  other  part,  being  the 
Head,  is  cut  fquare,  and  folidly  pofited  upon  the  fide  Beams  ;  and  that  they  may  be  very 
firm,  'there  are  Clefts  of  Wood  drove  with  a  Mallet  into  Mortice-holes  at  the  bottom  of  the 
Poupets  underneath  the  fide  Beams. 

In  the  Head  of  each  Poupet  is  a  tempered  fteel  Point  ftrongly  inebfed  in  the  Wood  ;  fo 
that  when  thefe  two  Points  are  brought  to  each  other,  they  may  exactly  touch.  There 
is  likewife  a  wooden  Bar  going  all  along,  which  is  fuftained  by  the  Arms  of  the  Pou- 
pets, which  may  be  lengthened  and  fhortened  at  pleafure  j  and  this  ferves  as  a  Reft  for 
the  Tools,  'when  they  are  ufing. 

Againft  the  Ceiling,  over  the  Leath,  is  fixed  an  Elaftick  wooden  Rod,  having  at  the  end 
thereof  a  Cord  fattened,  which  comes  down  to  the  Ground,  and  is  fixed  to  the  end  of  a 
piece  of  Wood,  called  the  Treader. 

Now  when  you  have  a  mind  to  work,  the  Cord  muft  be  put  about  the  Piece  to  be 
turned,  or  about  a  Mandril  adjufted  to  it;  and  prefling  your  Foot  upon  the  Treader, 
you  will  turn  the  Work  by  means  of  the  Rod  which  fprings;  then  with  proper  Tools  laid 
upon  the  Support,  and  againft  the  Piece  which  is  turning,  you  muft  firft  fafhion  it  with, 
coarfe  Tools,  and  finifh  it  with  fine  ones. 

Becaufe  all  Work  cannot  be  turned  between  two  Points,  one  of  the  Poupets  muft  be  ta- 
ken away,  and  inftead  thereof  muft  be  placed  a  piece  of  Wood  furnifhed  with  Iron,  ad- 
jufted between  the  fide  Beams  as  the  Poupets  are,  and  inftead  of  having  a  Steel  Point 
has  a  very  round  Hole  therein,  in  which  goes  the  Colet  of  an  Iron-Arbor,  whofe  other 
end  is  fuftained  by  the  Steel-Point  of  the  other  Poupet. 

The  faid  Arbor  is  fifteen  or  eighteen  Inches  long,  and  is  compofed  thus  :  at  the  end, 
which  is  fupported  againft  the  aforefaid  piece  of  Wood,  is  a  Screw  of  a  very  large  Thread 
made  round  the  Arbor,  upon  which  are  fcrewed  on  divers  Brafs  Boxes,  in  which  are 
held  faft  the  pieces  of  Wood,  which  ferve  to  place  the  feveral  Works  to  be  turned.  And 
at  the  other  end  of  the  faid  Arbor  are  made  feveral  Threads  of  Screws  of  different  big- 
nefles, that  fo  Screws  may  be  turned. 

Near  the  middle  of  the  faid  Arbor,  is  placed  a  Mandril  or  wooden  Pulley,  about  which 
goes  a  Cord.  There  may  be  feveral  other  Pieces  adjufted  on  this  Arbor,  for  turning  ir- 
regular Figures,  as  Ovals,  Hearts,  Rofes,  wreathed  Pillars,  &c.  All  thefe  Pieces  are  filed  into 
the  Figures  that  one  would  have  them  make,  and  have  fquare  Holes  in  the  middle  of  them, 
which  are  adjufted  to  a  Square  near  the  end  of  the  Arbor. 

When  the  Pieces  are  difpofed  on  the  Arbor,  the  pointed  end  thereof  is  placed  in  a  little 
Hole  in  the  Steel-Point  of  the  Poupet,  and  the  other  end  in  the  abovefaid  wooden  Piece 
(placed  inftead  of  a  fecond  Poupet)  which  is  made  fo,  that  there  are  two  Pieces  which 
fpring,  and  pufh.  the  Figure  backwards  and  forwards,  and  by  this  means  move  the 
Arbor  backwards  and  forwards,  more  or  lefs,  according  to  the  Figure ;  and  this  is  the 

Caufe 
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Caufe  that   the  Tool   gives   the    proper  Figure  to   the  Work,  which  moves  to  it,  or  rc- 
edes   from  it,  according  to  the  Motion  of  the  Arbor  ;  for  the  Tool  muft   always  be   held 
fafit  upon  the  Support.     But  fince  thefe  kinds  of  Figures  are  feldom  ufed  for  Mathematical 
Inftruments,  I  (hall  fay  no  more  as  to  this  way  of  turning. 

The  principal  Ufe  of  the  faid  Arbor,  ferves  for  turning  of  Rings,  making  of  Grooves 
in  CompafTes,  and  other  the  like  things.  And  this  may  be  done,  in  placing  the  Pieces  to 
be  turned  upon  the  Wood  belonging  to  the  Boxes  (of  which  we  have  already  fpoken)  which 
are  adjufted  on  the  Leath  for  receiving  the  faid  Pieces.  Note,  The  Refts  or  Supports  of  the 
Tools  are  likewife  placed  according  as  the  Work  requires  ;  fome  before,  and  fome   fide- 

V  Male  and  Female  Screws  are  formed,  by  putting  the  proper  Thread  on  the  Arbor  into  a 
niece  of  Wood  hollowed  into  a  Screw  of  the  fame  Thread,  which  is  placed  at  the  Poupet 
carrying  the  end  of  the  Arbor.  And  the  other  end  of  the  Arbor,  where  is  a  Colet  of  the 
f  me  thicknefs  is  put  exactly  into  the  Hole  of  the  abovementioned  piece  of  Wood  ;  then  if 
\  Treader  be  put  in  motion  by  your  Foot,  the  Work  will  move  backwards  and  forwards, 
f 1  as  that  you  may  form  a  Screw  or  a  Nut,  with  toothed  Tools  made  on  purpofe,  accord- 
in^  to  the  Threads  marked  upon  the  Arbor.  Note,  For  turning  of  Wood,  Googes,  Chif- 
{U  &c  are  ufed.  But  for  Brafs  and  other  Metals,  fmaller  Tools  of  tempered  Steel  mull 
be  ufed,'  as  Graving-Tools,  &c 

Thus  have  I  here,  and  in  the  Body  of  this  Work,  given  a  fhort  Account  of  the  Tools 
commonly  ufed  in  making  of  Mathematical  Inftruments.  The  others  may  be  eafily  fupplied 
according  to  Neceffity.  But  fince  they  are  ufually  made  by  thofe  that  ufe  them,  I  fliall 
here  fhew  how  to  chufe  the  beft  Metal  for  their  Conftruction. 

The  beft  Steel  comes  from  Germany.  This  ought  to  be  without  Flaws,  Black-veins,  or 
Iron- furrows.    You  may  know  this  by  breaking  of  it,  and  feeing  whether  the  Grain  be  very 

^I^foSe  of  Tools,  or  any  thing  elfe  of  Steel,  you  muft  take  care  of  over-heating 
them,  and  perform  it  as  foon  as  poffible ;  for  the  longer  they  are  hot,  the  more  will  they  be 

fp  When  the  Tools  are  forged  and  filed,  and  you  have  a  mind  to  temper  them,  you  muft 
i,  rLm  red  hot  till  their  Colour  be  fomething  redder  than  a  Cherry,  and  then  they  muft 
heat  tnem  or  Well- Water  :  the  colder  the  Water  is,  the  better.   And  when  they 

tVcdd '"they  muft  be  taken  out  of  the  Water,  and  laid  prefendy  upon  a  piece  of  hot  Iron, 
are  coiu,        y    ^^  ^^  contraa:ea  by  tempering  is  loft,  and  they  become  yellow- 

Hh ;  and  then  they  muft  be  thrown  again  into  the  Water,  without  ftaying  till  they  become 

blUTobteemper  fidlefof Fil^VSr  Pieces  of  Iron    you  muft  take  Chimney-Soot,  the 

1 A  and  proffeft  being  the  beft,  and  having  finely  powdered  it,  temper   it  with   Pifs  and 
oldeft  and  groUelt  dm  g^  ^^  ^  ^.^  ^  the  whde  bea$  a  liquid  pafte    The  g^ 

Vinegar,  p         g^  Tools  muft  be  covered  over  with  it,  and  this  covered  with  Earth,  and 

ifmgueuPRnnaie  thrown  into  a  ftrong  Charcoal  fire  j  and  when  it  is  become  fomething  red- 
the  whole  Bundle ^°^ft  ^  ^  ^  ^  ^^  .^  &  yeffd   ^  rf  ^  ^  ^^ 

a   h"  the  Files  will  be  fufficiently  hard. 

Wphle  already  fhewed  the  manner  of  foldering  Brafs  or  Silver  to  each  other;  and 
we  would  have  it  here  obferved  that  Iron  may  be  foldered  to  Iron,  by  putting  thin 
Braftupon  the  Piece  to  be  foldered,  and  the  Powder  of  Borax,  and  then  covering  it  alt 
u  ,  ^..  Charcoal  and  heating  it  until  we  perceive  the  Brafs  melts  and  runs. 
r0U7vlWBrafs  cannot  be  hammered  when  it  is  hot,  for  it  will  break  ;  but  Copper  is  ham- 
A  Id  r  hot  •  but  this  is  feldom  ufed  in  making  of  Mathematical  Inftruments,  becaule 
Brafs  isCfiner  and  more  convenient.  Brafs  is  made  with  red  Copper  and  Calamin  which  is 
a  Stone  giving  a  yellow  Tindure  to  the  Metal,  and  is  found  in  the  Country  of  Uege,  and 

inrnlTand  Silver  may  be  hammered  cold  or  hot,  and  may  be  melted  alfo  nearly  as  Brafs 
isPandS  and  Silver  in  the  ^e  manner  as 

with  Brafs. 
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The  Ufe  of  the  Se&or  in  the  ConfiruBion  of  Solar 

Eclipfes. 

UEtlNlTlON    I. 

H  E  Path  of  a  Vertex,  is  that  Circle  of  the  Earth  which  any  Place  of 
Vertex  on  its  Superficies  defences,  in  the  Space  of  twenty-four  Hours, 
by  the  Earth's  diurnal  Revolution.  Whence  the  Paths  of  Vertices  are  Cir- 
cles parallel  to  the  Equator. 

DEFINITION  II. 
If  a  Plane  be  conceived  to  touch  the  Moon's  Orbit  in  that  Point,  where- 
in a  Line  connecting  the  Centers  of  the  Earth  and  Sun  interfects  the  faid  Orbit,  and 
ftands  at  right  Angles  to  the  aforenamed  Line  :  And  if  an  infinite  Number  of  right  Lines 
be  fuppofed  to  pafs  from  the  Center  of  the  Sun,  thro  this  Plane  to  the  Periphery  of  the 
Earth,  to  its  Axis,  as  likewife  to  the  Axis  of  the  Ecliptick,  and  the  Path  of  any  Vertex ; 
the  faid  Lines  will  orthographically  project  the  Earth's  Disk,  its  Axis,  the  Axis  of  the 
Ecliptick,  and  the  Path  of  the  Vertex,  on  the  aforefaid  Plane  :  and  this  is  the  Projection  we 
are  to  delineate.     This  being  prefuppofed,  it  will  follow  ; 

i.  That  when  the  Sun  is  in  ©,  SI,  "P,  £s,  m,  1,  the  Northern  half  of  the  Earth's 
Axis  projected  on  the  aforefaid  Plane,  viewed  on  that  Side  next  to  the  Earth,  lies 
to  the  Right-hand  from  the  Axis  of  the  Ecliptick  :  But  if  the  Longitude  of  the 
Sun  be  in  any  of  the  fix  oppofite  Signs,  it  lies  to  the  Left-hand  from  the  Axis  of  the 
Ecliptick. 

2.  When  the  Sun's  apparent  Place  happens  to  be  either  in  T,  b,  U,  ®,  SI,  W, 
the  North  Pole  lies  in  the  illuminate  or  vifible  part  of  the  Disk  ;  but  otherways  in  the 
obfeure. 

3.  When  the  Sun's  Place  in  the  Ecliptick  is  90  Degrees  diftant  from  either  Pole  ; 
that  is,  when  the  Sun  is  in  the  Equator,  the  Paths  of  the  Vertices,  or  all  Circles  of  the 
Earth  parallel  to  the  Equator,  will  be  projected  in  right  Lines  upon  the  faid  Plane :  but 
if  the  Sun's  Place  be  lefler  than  go  Degrees,  the  faid  Paths  will  be  projected  in  Ellipfes 
upon  the  faid  Plane,  whofc  conjugate  Diameters  will  be  fo  much  the  lefler,  as  the  Place  of 
the  Sun  is  lefler. 

4.  The  tranfverfe  Diameter  of  the  Ellipfes  representing  any  Path,  is  equal  to  double  the 
right  Sine  of  the  Diftance  of  the  faid  Vertex  from  the  Pole  ;  that  is,  equal  to  twice  the 
Co-Sine  of  the  Latitude  of  the  Place  or  Vertex  :  but  the  Conjugate,  to  the  Difference  of 
the  right  Sines  of  the  Sum,  and  Difference  of  the  Diftances  of  the  Path  and  Sun  from 
the  Pole;  that  is,  equal  to  the  Sine  of  the  Complement  of  the  Sun's  Declination  added  to 
the  Co-Latitude  of  the  Place,  lefs  the  right  Sine  of  the  Difference  of  the  Complement  of 
the  Sun's  Declination,  and  the  Co-Latitude  of  the  Place. 

5:.  The  tranfverfe  Diameter  lies  at  right  Angles  to  the  Earth's  Axis,  and  die  conjugate 
coincides  therewith. 

SECTION 
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SECTION  I. 

Zb  reprefent  in  Tlano,  the  'Path  of  a  Vertex  in  the  EartJfs  'Disk,  whofe 
'Diftance  from  the  North  Pole  is  38  deg.  32  min,  the  Surfs  Place  being 
in  10  deg.  40  min*  30  fec>  of  Gemini,  femblable  to  that  which  will  be  pro* 
jetted  o?i  a  Plane,  touching  the  Earth's  Orbit  i?i  that  'Point,  by  fir  ait  Lines 
produced  from  the  Sun  to  the  Earth. 

HAving  drawn  the  Semi-circle  H  E  R,  let  it  reprefent  the  Northern  half  of  the  Earth's  Plate  15I 
illuminate  Disk  (becaufe  the  Sun  is  in  Gemini)  projected  upon  the  faid  Plane,the  Sun  its  tig.  1. 
Center,  the  Point  therein  oppofite  to  the   Sun,  H  &  R  an  Arc  of  the  Ecliptick  pafiing 
through  it.      Upon  ©  raife   0  E,    perpendicular  to  the   Ecliptick   H  R,  and   the    Point 
E   wherein   it  interfeds  the   Limb  of  the  Disk,  will  be  the  Pole  of  the  Ecliptick,  and  ' 
@  E  its  Axis. 

Again ;  Make  ©  E  equal  to  the  Radius  of  a  Line  of  Chords  (by  Ufe  III.  of  the  Line 
of  Chords)  from  which  taking  the  Chord  of  23  deg.  50  min.  (the  conitant  Di fiance  of  the 
two  Poles)  fet  it  off  both  ways  from  E  to  B  and  C,  draw  the  Line  B  C,  in  which  the 
Northern  Pole  of  the  World  fhall  be  found. 

Make  B  A  equal  to  A  C,  the  half  of  this  Line,  the  Radius  of  a  Line  of  Sines 
and  therein  fet  off  the  Sine  of  the  Sun's  Diftance  from  the  folflitial  Colure  19  deg.  19  min. 
30  fee.  from  A  to  P,  on  the  Left-hand  of  the  Axis  of  the  Ecliptick,  (becaufe  the  Sun  is  .in 
Gemini)  and  draw  the  Line  ©  P,  which  will  be  the  Axis  of  the  Earth,  and  P  the  place 
of  North-Pole  in  the  illuminate  Hemifphere  of  the  Disk. 

Or  the  Angle  E  ©  I,  which  the  Axis  of  the  Earth  and  Ecliptick  make  with  each 
other,  may  be  more  accurately  determined  by  Calculation.     For, 

deg.  min.  fee. 

As  Radius to  the  Sine  of  the  Sun's  Diftance  from  the  fol-?  90    00    00       10,000000 

ftitial  Colure  —  —  ■ — .  — 5  19     19    30        9,519731 

So  is  the  Tangent  of  the  Sun's  greateft  Declination  to  the"}  2.3  30  00  9,637956 
Tangent  of  the  Inclination  of  the  Axis  —  ;—        —  3    8     10    54      '9,157687 

Count  the  faid  8  deg.  10  min.  54  fee.  in  the  Limb  of  the  Disk  from  E  to  I,  on  the 
Left-hand,  and  draw  the  Line  ©  I,  this  fhall  be  the  Axis ;  and  the  Point  P  wherein  it  in- 
terfeds  the  Line  B  C,  the  place  of  the  Pole  in  the  illuminate  Disk. 

The  next  thing  required  will  be  the  Sun's  Diftance  from  the  Pole,  or  the  Comple- 
ment of  his  Declination,  which  will  be  found  67  deg.  57  min.  48  fee.  this,  added  to 
the  Diftance  of  the  Vertex  from  the  Pole  38  deg.  32  min.  makes  io<5  deg.  29  min.  48  fee. 
and  the  fame  38  deg.  32  min.  taken  from  67  deg.  51  min.  48  fee  gives  29  deg.  25  min. 
48  fee.  the  Meridional  Diftance  of  the  Sun  from  the  Vertex. 

Make  ®  E  the  Radius  of  the  Disk,  to  be  the  Radius  of  a  Line  of  Sines,  from 
which  take  the  Sine  of  73  deg.  30  min.  12  fee.  (the  Complement  of  106  deg.  29 
min.  48  fee.  to  a  Semi-circle  )  and  fet  it  off  in  the  Axis  frcm  ©  to  12  ;  it 
there    gives  the   Meridional    Interfedion  of   the  Nodurnal  Arc  of  the  Path  with  the 

Axis.  .  .  p  . 

Take  the  Sine  of  29  deg.  25  min.  48  fee.  from  the  fame  Line  of  Sines,  and  fet  it  off 
the  fame  way  from  0  to  M,  and  it  there  gives  the  Interfedion  of  the  diurnal  Arc  of 
the  Path  with  the  Meridian.  Whence  M  12  will  be  the  conjugate  Diameter  of  the 
Path  it  being  the  Difference  of  the  Sines  of  70  deg.  30  min.  12  fee.  and  29  deg.  25 
min.  48  fee.  that  is,  the  Difference  of  the  Sines  of  the  Sum,  and  Difference  of  the  D;- 
flances  of  the  Path  and  Sun  from  the  Pole,  which  will  -  be  the  conjugate  Diameter  of  'any 

Path. 

Bifed  12  M  in  C,  and  through  it  draw  6  C  6  at  right  Angles  to  the  Axis  of  the  Globe  ; 
and  then  taking  the  Sine  of  38  deg.  32  min.  the  Diftance  of  the  Pole  from  the  Vertex, /et 
it  off  from  C  both  ways  to  6  and  6;  then  the  Line  6  6  will  be  the  Tranverfe-diameter  of 
the  Path,  and  C  6  the  Semi-diameter. 

Making  C  6  equal  to  the  Radius  of  a  Line  of  Sines,  if  from  the  fame  you  take  the 
right  Sine's  of  15,  30,  45,  60,  75  Degrees,  and  fet  them  off  feverally  both  ways  from  C  ;n 
the  Tranverfe-diameter,  and  from  the  Points  fo  found  ered  Perpendiculars,  a  11,  a  u 
a  10  a  2,  he.  equal  to  the  Co-fines  of  the  faid  Arcs,  taken  from  a  Line  of  Sines,  whofe 
Radius  fhall  be  C  12,  equal  to  C  M,  you  will  have  twenty-four  Points  given,  through 
which  the  Ellipfis  reprefenting  the  Path  fhall  pafs,  which  fhall  alfo  fhew  the  Place  of  tile 
Vertex  at  every  Hour  of  the  Day.  In  the  fame  manner  may  the  Parts  of  an  Hour  be  pricked 
down  in  the  Path,  in  laying  off  the  Sine  of  the  Degrees  and  Minutes  correfponding  thereto 
from  C  towards  6,  and  then  railing  Perpendiculars  from  the  Points  fo  found  in  the  Semi- 
tranfverfe,  and  fetting  off  from  the  faid  Semi-tranfverfe  each  way  upon  the  Perpendiculars, 
'  the 
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the  Sines  of  the  Complements  of  the  Degrees  and  Minutes  correfponding  to  the  aforefard 
Parts  of  an  Hour.  As,  for  example  ;  to  denote  half  an  Hour  paft  u  and  12,  take  the 
Sine  of  7  cleg.  30  min.  and  lay  it  off  on  both  fides  from  C  to  b  and  b  ;  then  take  the  Co-fine 
of  7  deg.  30  min.  and  having  raifed  the  Perpendiculars  b~,  lay  off  the  faid  Sine-Comple- 
ment from  bzo  7,  and  you  will  have  the  Points  in  the  Periphery  of  the  Ellipfis,  for  half 
an  Hour  paft  11,  and  half  an  Hour  paft  12  ;  and  in  this  manner  may  the  Path  be  divided 
into  Minutes,  if  the  Ellipfis  be  large  enough. 

Take  this  for  another  example  ;  Suppofe  I  would  reprefent  upon  the  Plane  of  the  Earth 
Disk,  the  Path  of  Gibraltar,  whofe  Latitude  is  35  deg.   32  min.  North,  and   the  Sun 
Place  is  in  15  deg.  45  min.  of  Leo. 
Fig.  s.  Having,    as  before,  drawn  the  Semi-circle  HER,  for  the  Northern  half  of  the  Earth's 

illuminate  Disk,  and  drawn  ©  E  perpendicular  to  R  H,  as  alfo  drawn  the  Line  C  B 
which  is  always  equal  to  twice  the  Chord  of  the  Sun's  greateft  Declination,  23  deg.  20 
min.  you  muft  next  make  A  B  equal  to  a  Radius  of  a  Line  of  Sines,  and  then  lay  off  from  A 
to  P,  on  the  Right-hand  of  the  Axis  of  the  Ecliptick,  (becaufe  theSun  is  in  Leo)  the  Sine  of 
the  Sun's  Diftance  from  the  folftitial  Colure  45  deg.  45  min.  or,  the  Angle  E  ®  I  may  be 
more  nicely  determined  by  Calculation,  as  was  before  dire&ed,  and  then  ®  P  I  will  be  the 
Axis  of  the  World. 

Now  the  Sun's  Diftance  from  the  Pole,  or  the  Complement  of  his  Declination  is  73  dee 
51  min.  which  being  added  to  the  Complement  of  the  Laticude  54  deg.  28  min.  the  Sum 
will  be  128  deg.  19  min.  and  this  taken  from  180  deg.  the  Remainder  will  be  51  deg.  41 
min.  alfo  if  54  deg.  28min.be  taken  from  73  deg.  5 1  min.  the  Difference  will  be  ip  deg. 
23  min. 

Then  if  you  make  the  Semi-diameter  of  the  Disk  the  Radius  of  a  Line  of  Sines  and 
layoff  from  the  Center  0  to  12,  the  Sine  of  51  deg.  41  min.  the  Point  12  in  the  Axis'  will 
be  the  Meridional  Interfection  of  the  N(  ftumal  Arc  of  the  Path  with  the  Axis  ;  and  if 
again  y'ou  lay  off  he  Sine  of  19  deg.  23  mill,  from  ®  to  M,  you  will  have  the  Meri- 
dional Interfection  of  the  Diurnal  Arc  of  the  Path  with  th'e  Axis  ;  whence  M  12  will  be 
the  conjugate  Diameter  of  the  Elliptical  Path. 

And  if  you  bifect  M  12  in  C,  and  draw   the  Line  6  C  6  at  right   Angles  to  the  Axis 
®  I;  and  then  lay  off  the  Sine  Complement  of  the  Latitude    54  deg.  28  min.  from  C  to  6 
on  each  fide  the  Axis  you  will  have  the  Tranfverfe-diameter  of  the  Path,  which   may  be 
drawn  and  divided,  as  before  dire&ed,  for  that  of  Fig.  1.  ^ 

Note,  When  the  elevated  Pole  is  in  the  obfeure  Hemifphere  of  the  Earth  the  di- 
urnal Arc,  or  illuminated  Part  of  the  Path,  is  in  that  Part  of  the  Ellipfis  that  lies  near- 
eft  to  the  faid  Pole,  but  otherways  in  the  more  remote  ;  and  where  the  Ellipfis  cuts  the 
Limb  of  the  Disk,  are  the  Points  on  it  from  which  the  Sun  appears  to  rife  and  fet  &c 
And  becaufe  thefe  Points  are  neceffary  to  be  found,  when  an  Eclipfe  happens  near  Sun-rifin<* 
or  Sun-fetting,  they  may  be  determined  in  the  following  manner  : 
Fig.  1.  Lay  off  the  Sun's  Declination  22  deg.  2  min.  upon  the  Limb  of  the  Disk  from  R  to  N 

as  alfo  the  Complement  of  the  Latitude  of  38  deg.  32  min.  from  R  to  P  ;  then  draw  the 
Line  0  N,  and  from  the  Point  P  let  fall  upon  the  Diameter  R  H,  the  Perpendicular  P  Q 
cutting  the  Line  ®  N  in  L.  This  being  done,  take  the  Extent  ®  L,  between  vour  Com^ 
paffes,  and  lay  it  off  upon  the  Axis  ©  I  from  ©  to  K ;  then  draw  a  Line  both  ways  from 
the  Point  K,  parallel  to  the  tranfverfe  Axis  C  6  of  the  Path,  and  the  faid  Line  will  cut  the 
Limb  of  the  Disk  in  the  Points  q  p  of  the  Sun's  rifing  and  fetting. 

Or  the  Arc  I  p  may  be  more  accurately  determined  by  Calculation;  for  in  the  Tri- 
angle ©  Q^L,  right-angled  at  Q,  are  given  the  Angle  Q_L  ©,  equal  to  the  Sun's  Diftance 
from  the  Pole ;  and  the  Side  Q^  ©  equal  to  the  Sine  of  the  Latitude.  To  find  the  Side 
O  L,  which  is  equal  to  the  Sine  Complement  of  the  Arc  I  />,  the  Canon  is,  As  the  Sine 
of  the  Sun's  Diftance  from  the  Pole,  is  to  Radius;  fo  is  the  Sine  of  the  Latitude  to  the 
Sine  Complement  of  the  Arc  I  p,  or  I  q. 

SECTION   II. 

HAving  in  the  foregoing  Section  fhewn  how  to  draw  the  Path  of  any  Vertex  upon  the 
Earth's  Disk,  as  likewife  to  divide  it,  the  next  thing  neceffary  to  be  given    in  order 
to  conftrud  the  Phafes  of  a   Solar  Eclipfe  in  any  given  Place  on  the  Earth's  Superficies 
are;  * 

I.  The  apparent  Time  of  the  neareft  Approach  of  the  Moon  to  the  Center  of  the  Disk  or 
the  Time  of  the  Middle  of  the  Eclipfe.  ' 

II.  The  neareft  Diftance  of  the  Moon's  Center  from  the  Center  of  the  Disk  in  her 
Paffage  over  it ;  which  is  equal  to  her  Latitude  at  the  time  of  the  Conjunction. 

III.  The  Semi-diameter  of  the  Disk  at  the  time  of  the  Conjunction. 

IV.  The  Moon's  Semi-diameter  at  the  fame  time, 

V.  The  Sun's  Semi-diameter. 

VI.  The  Semi-diameter  of  the  Penumbra. 

VII  The 
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VII.  The  Angle  of  the  Moon's  Way  with  the  Ecliptick,  which  is  equal  to  the  An^le 
thatthe  Perpendicular  to  the  Moon's  Way  forms  with  the  Axis  of  the  Ecliptick  ;  and  it  the 
Argument  of  Latitude  be  more  thanp  Sines,  or  lefs  than  3,  the  faid  Perpendicular  lies  to 
the  Left-hand ;  if  more,  to  the  Right,  from  the  Axis  of  the  Ecliptick. 

VIII.  The  hourly  Motion  of  the  Moon  from  the  Sun  at  the  time  of  the  Conjunction. 

Note,  The  Semi-diameter  of  the  Disk  is  always  equal  to  the  Difference  of  the  Sun  and 
Moon's  horizontal  Parallaxes. 

All  thefe  for  the  Solar  Eclipfe  of  May  11.  1724.  will  be  as  follows  :    ' 

Hours,  min.  fee. 
The  apparent  Time  of  the  neareft  Approach  of  the  Moon  to") 

the  Center  of  the  Disk,  will  be  ^  — •  —        — j*  5     1%       °  Afternoon. 

The  neareft  Diftance  of  the  Moon's  Center  from  the  Center  of) 

the  Disk        -J0    *2     14 

The  Semi-diameter  of  the  Disk  o     61     38 

The  Moon's  Semi-diameter  ■  o     16    42 

The  Sun's  Semi-diameter  —  o     1  ?     53 

The  Semi-diameter  of  the  Penumbra * o     32     35 

The  Angle  of  the  Moon's  Way  with  the  Ecliptick  —         o    5  deg.  37  min. 

The  hourly  Motion  of  the  Moon  from  the  Sun  —  03518 

Thefe  being  found  from  Aftronomicaf  Tables  and  Calculations,  I  fhall  fhew  how  to  draw 
the  Line  of  the  Moon's  Way,  or  Path  of  the  Penumbra,  upon  the  Plane  of  the  Earth's  Di^k, 
as  it  falls  at  the  time  of  the  Conjunction  of  May  1 1,  1724.  and  the  manner  of  dividing  the 
fame,  for  London,  Genoa,  and  Rome. 

Having  drawn  the  Semi-circle  H  E  R  of  the  Earth's  Disk,  and  the  Paths  of  London,  pjate  2^ 
Genoa,  and  Rome,  by  the  directions  of  the  laft  Section,  the  Sun's  Place  being  6\  deg.  Fig.  1. 
38  min.  45  fee.  and  the  Latitude  of  London  51  deg.  31  mm.  that  of  Genoa  44  deg.  27  mm. 
and  that  of  Rome  41  deg.  51  min.  you  muft  next  draw  the  Perpendicular  to  the  Moon's 
Way  ;  which  is  done  thus  :  Take  the  Semi-diameter  ©  H  of  the  Disk  between  your  Com- 
pares, and  open  your  Sector  fo,  that  the  Diftance  from  60  to  60  of  Chords  be  equal  to 
that  Extent ;  then  taking  5  deg.  37  min.  parallel-wife  from  the  Lines  of  Chords,  (which  is 
the  Angle  of  the  Moon's  Way  with  the  Ecliptick,  or  the  Angle  that  a  Perpendicular  to  her 
Way  makes  with  the  Axis  E  ©  of  the  fame  Ecliptick)  lay  them  off  upon  the  Limb  of  the 
Disk  from  E  to  F,  on  the  Right-hand  of  the  Axis  of  the  Ecliptick,  becaufe  the  Argument 
of  Latitude  is  more  than  three  Sines,  and  the  Line  ©  F  being  drawn,  will  be  the  Perpen- 
dicular to  the  Moon's  Way  at  the  time  of  the  general  Conjunction,  May  11,  1724. 

Again:  Take  the  Semi-diamecer  of  the  Disk  between  your  Compaffes,  and  open  the 
Sector  fo,  thatthe  Diftance  from  61 4-1,  the  Semi-diameter  of  the  Disk,  on  each  Line  of 
Lines  be  equal  to  that  Extent  ;  then  the  Sector  remaining  thus  opened,  take  between  your 
Compaiies  the  parallel  Extent  of  3  244,  the  neareft  Approach  of  the  Moon  to  the  Center 
of  the  Disk,  and  lay  it  off  from  ©  to  M,  upon  the  Perpendicular  to  the  Mjon's  Way ; 
then,  if  upon  the  Point  M,  a  Perpendicular,  as  M  G,  be  drawn  both  ways,  this  will  be 
the  Line  of  the  Moon's  Way,  or  Path  of  the  Penumbra. 

Now  to  divide  the  faid  Path  into  its  proper  Hours,  which  let  be  for  London.  The  mid- 
dle of  the  General  Eclipfe,  or  the  time  when  the  Moon's  Center  will  be  at  M,  happens  at 
12  Minutes  paft  5  in  the  Afternoon  :  fay,  As  1  Hour  or  60  Minutes  to  35  min.  18  fee.  the 
hourly  Motion  of  the  Moon  from  the  Sun;  fo  is  12  Minutes  the  time  more  than  5  in  the 
Afternoon,  to  7  min.  3  fee.  the  Motion  from  5  a-clock  to  the  midddle. 

Your  Sector  remaining  open'd  to  the  laft  Angle  it  was  fet  to,  take  the  Extent  from  7^4  to 
7^.1  on  each  Line  of  Lines,  and  fetting  one  Foot  of  your  CompafTes  upon  M,  with  the 
Other  make  a  Point  on  the  Moon's  Way  to  the  Right-hand ;  and  this  fhall  be  the  Place  of 
the  Penumbra  at  5  a-clock  in  the  Afternoon  at  London ;  which  therefore  denote  with  the 
Number  V. 

The  hourly  Motion  of  the  Moon  from  the  Sun  is  3  5  min.  1 8  fee.  therefore  take  the  pa- 
rallel Extent  of  3^44,  on  the  Line  of  Lines,  between  your  CompaiTes,  and  fetting  one 
Foot  upon  V,  with  the  other  make  Points  on  each  fide  V,  thefe  fhall  fhew  the  Place  [of  the 
Moon's  Center  at  the  Hours  of  IV  and  VI ;  and  if  from  thefe  Points  you  farther,  fet  off  the 
faid  Extent  in  the  faid  Line,  you  may  thereby  find  the  Place  of  the  Moon's  Center  for 
every  1  lour,  whilft  the  Penumbra  fhall  touch  the  Disk  :  and  if  the  Space  between  every 
Hour  be  divided  into  60  equal  Parts,  you  fhall  have  the  Place  of  the  Moon's  Center  in  the 
Line  of  her  Way,  to  every  fingle  Minute  of  Time. 

Or,  you  may  take  the  Semi-diameter  of  the  Disk  between  your  Compaffes,  and  make  / 
Scale  thereof,  in  dividing  it,  by  means  of  the  Sector,  in  the  following  manner :   Open 
Sector  fo,  that  the  Diftance  between  <5i44,  the  Semi-diameter  of  the   Disk,  and  61-lr  on 
the  Line  of  Lines,  be  equal  to  the  Semi-diameter  of  the  Disk.    This  Diftance  lay  off  from 
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A  to  B :  then  your  Sector  remaining  thus  opened,  take  between  your  Compafles  fuccefiive- 
ly,  the  parallel  Diftances  of  each  Divifion  to  6i-|~,  and  lay  them  off  from  A  towards  B, 
every  5th  of  which  Number,  and  your  Scale  will  be  divided  into  Minutes.  And  by  the 
fame  Method  you  may  divide  each  Minute  into  Parts,  ferving  for  Seconds,  if  your  Scale 
be  lon<*  enough.  Now  your  Scale  being  divided,  you  may  make  ufe  thereof,  for  draw- 
in^  and  dividing  the  Path  of  the  Penumbra,  without  the  Sector  .-  For  32^4  of  thefe  Parts  of 
the  Scale,  give  you  the  neareft  Diftance  of  the  Moon's  Center  to  the  Center  of  the  Disk. 
Alfo  7  A  Parts  of  the  faid  Scale,  will  be  the  Diftance  of  the  Center  of  the  Penumbra  from 
the  Point  M,  at  five  a-clock  ;  and  3  5  'A  of  the  Parts  of  the  Scale,  will  be  the  Diftance  from 
Hour  to  Hour,  on  the  Path  of  the  Penumbra. 

Now  to  fix  Numbers  upon  the  faid  Path  of  the  Penumbra,  reprefenting  the  Hours  when 
the  Moon's  Center  will  be  at  the  faid  Hours,  at  Rome  and  Genua,  we  muft  have  the  Dif- 
ference of  Longitude  between  London  and  the  faid  two  Places  given ;  as  alfo,  whether 
they  are  to  the  Eaft  or  Weft  from  London  ;  the  Difference  of  Longitude  between  London  and 
Rome,  is  12  deg.  37  min.  and  between  London  and  Genoa,  is  9  deg.  37  min.  they  being  both 
to  the  Eaft  from  London.  Each  of  thefe  being  reduced  to  Time,  the  former  will  be  50  Mi- 
nutes, and  the  latter  38  Minutes,  wherefore  5  a-clock  for  Rome  on  the  Moon's  Way,  muft 
be  at  10  min.  paft  4,  for  London  ;  and  6  a-clock  at  10  Minutes  paft  five,  &c.  Underftand 
the  fame  for  other  Hours  and  Minutes.  I  have  noted  the  Hours  for  Rome  under  the  Line  of 
the  Moon's  Way,  with  Roman  .Characters.  Again,  5  a-clock  on  the  Moon's  Way  for 
Genoa,  muft  be  fet  at  22  Minutes  paft  5  for  London;  and  6  a-clock,  at  22  Minutes  paft 
6,  &c.  I  have  noted  the  Hours  for  Genoa  with  fmall  Figures  over  the  Line  of  the  Moon's 
Way. 

Note,  the  10  Minutes,  and  22,  are  each  of  them  the  Complement  of  50  Minutes,  and  38 
Minutes  to  60  Minutes. 

SECTION    III. 

20  determine  the  apparent  Time  of  the  'Beginning  or  End  of  a  Solar  Eclipfe i 
the  Tfime  whe?i  the  Sunjhall  be  eclipfed  to  a?iy  pojjibk  Nimber  of  ^Digits,  the 
Inch n at i 071   of  the  Cufps  of  the  Eclipfe,  ana  the  I'ime  of  the  vifible  Con- 
jimftion  of  the  Luminaries^  in  any  given  Latitude. 

TH  E  Paths  of  London,  Rome  and  Genoa,  as  alfo  the  Path  of  the  Penumbra  being  drawn 
and  divided,  as  directed  in  the  two  laft  Sections  for  the  great  Eclipfe  of  1724,  which 
will  be  a  very  proper  Example  for  fufficiently  explaining  this  Method,  take  between  your 
Compafles  the  Semi-diameter  of  the  Penumbra  32-M-,  from  the  Line  of  Lines  on  the  Sector, 
it  being  nrft  opened  to  the  Semi-diameter  of  the  Disk  61  14  >  or  you  may  take  it  from  your 
Scale,  which  being  done,  carry  one  Foot  of  your  Compafles  along  the  Line  of  the  Moon's 
Way,  from  the  Right-hand  to  the  Left ;  wherein  find  fuch  a  Point,  that  if  the  faid  Foot 
be  iet,  the  other  Foot  fhall  cut  the  fame  Hour  or  Minute,  in  the  Path  of  the  Vertex  of  any 
given  Place  ;  then  the  Points  in  the  Paths  upon  which  either  of  the  Feet  of  your  Compafles 
fland,  will  fhew  the  Time  of  the  Beginning  of  the  Eclipfe  at  that  Place. 

For  example  ;  If  you  carry  the  Semi-diameter  of  the  Disk  along  the  Line  of  the  Moon's 
Way,  you  will  find  that  one  Foot  of  the  Compafles  being  fet  at  a,  on  the  Moon's  Way, 
which  is  41  min.  paft  5;  in  the  Afternoon  for  London,  the  other  Foot  will  fall  on  the  Point  b 
on  the  Path  of  London,  which  is  likewife  41  min.  paft  5  in  the  Afternoon  ;  wherefore  the 
Beginning  of  the  Eclipfe  at  London  will  be  at  41  min.  paft  5  in  the  Afternoon. 

Again  :  If  you  carry  ftill  on  the  Foot  of  your  Compafles,  they  remaining  yet  opened  to 
the  Semi-diameter  of  the  Disk,  and  find  another  Point  on  the  Moon's  Way,  whereon  if  you 
fix  one  Point  of  your  Compafles,  the  other  fhall  cut  the  Path  of  the  Vertex  at  the  fame 
Hour  or  Minute,  which  this  ftands  upon  in  the  Line  of  the  Moon's  Way,  the  Points  whereon 
your  Compafles  ftand  in  either  Path,  fhall  fhew  the  Minute  the  Eclipfe  ends. 

For  example :  One  Foot  of  the  Compafles  being  fet  tog  in  the  Path  of  the  Vertex,  which 
is  29  min.  paft  7  in  the  Afternoon,  the  other  Foot  will  fall  upon  the  Line  of  the  Moon's 
Way,  at  the  fame  Hour  and  Minute,  irk,.  29  min.  paft  7  ;  therefore  the  Eclipfe  ends  at 
London  29  min.  paft  7  :  but  take  notice,  that  the  Line  of  the  Moon's  Way  fhould  be  conti- 
nued further  out  beyond  7  a-clock,  that  fo  the  Point  of  the  Compailes  may  fall  upon  the 
proper  Minute,  to  wit,  29. 

Moreover  :  If  one  fide  of  a  Square  be  applied  to  the  Ecliptick  H  R,  and  fo  moved 
backwards  or  forwards,  until  the  other  fide  of  the  faid  Square  cuts  the  fame  Hour  or  Mi- 
nute in  the  Path  of  the  Vertex,  and  Line  of  the  Moon's  Way  ;  this  fame  Hour  or  Minute 
will  be  the  Time  of  the  vifible  Conjunction  of  the  Luminaries  at  the  given  Place. 

"or  example  ;  When  the  perpendicular  fide  of  the  Square  cuts  the  Path  of  the  Moon's 
e,  which  is  37  min.  paft  6,  the  faid  fide  will  likewife  cut  the  Path  of  the  Verrex  for 
Lwdon  at  c,  which  is  37  min.  paft  6  ;  therefore  the  Time  of  the  vifible  Conjunction  of  th 
Luninarie-  at  London  will  be  37  min.  after  6> 
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Draw  the  Line  a  b,  as  alfo  the  Line  ®  b  ;  this  fhall  reprefentthe  vertical  Circle,  and  the 
Angle  ®  b  a  will  be  the  Angle  that  the  vertical  Circle  makes  with  the  Line  conne&ing  the 
Centers  of  the  Sun  and  Moon,  at  the  beginning  of  the  Eclipfeat  London. 

Draw  the  Line  gm;  to  wit,  join  the  Points  in  the  Path  of  the  Vertex,  and  the  Path  of 
the  Moon's  Way,  which  fhews  the  end  of  the  Eclipfe  at  London  ;  and  the  Line  ®  g,  then 
the  Angle  (b  gm,  will  be  that  which  the  vertical  Circle  forms  with  the  Line  joining  the 
Centers  of  the  Luminaries. 

Take  the  Semi-diameter  of  the  Sun,  •viz,.  15 44- between  your  CompafTes,  either  from  your 
Sector,  opened  as  before  directed,  to  the  Semi-diameter  of  the  Disk,  or  from  your  Scale,  and 
with  that  upon  the  Center  c  (to  wit,  the  Minute  in  the  Path  of  London,  whereat  the  Time  of 
the  vifible  Conjunction  happens)  defcnbe  a  Circle  ;  this  Circle  (hull  reprefent  the  Sun. 

Again;  Take  the  Moon's  Semi-diameter  1 6-A  from  your  Sector,  (remaining  opened  as 
before)  or  your  Scale,  and  upon  the  Center  e(to  wit,  the  Minute  in  the  Path  of  the  Moon's 
Way,  whereat  the  true  Conjunction  happens  at  London)  defcribe  another  Circle.  This  fhall 
cut  off  from  the  former  Circle  fo  much  as  the  Sun  will  be  eclipfed,  at  the  Time  of  the 
vifible  Conjunction. 

From  ®  draw  the  Line  0  c  v  :  This  (hall  reprefent  the  vertical  Circle,  and  v  the  vertical 
Point  in  the  Sun's  Limb,  whereby  the  Pofition  of  the  Cufpsof  the  Eclipfe,  in  relpect  of  the     0 
Perpendicular  palling  thro  the  Sun's  Center,  are  plainly  and  eafily  had. 

Produce  d  c  till  it  interfect  the  Moon's  Limb  in  p,  then  fhall  p  q  be  the  part  of  the  Sun's 
Diameter  eclipfed,  at  the  time  of  the  greateft  Oofcuration  at  Londn  :  And  if  the  Sun's 
Diameter  be  divided  into  12  equal  Parts,  or  Digits,  you  will  find/'  q  to  be  iir'4  of  thofe 
Parts  or  Digits. 

Whence  at  London, 

H.  M.  Aftern. 

The  Beginning  of  the  Eclipfe,  May  11.  1724.  at  —  05     41 

The  vifible  Conjunction  of  the  Luminaries  — •  —  —  06     37 

Digits  then  iir4i 

The  End  ■ — •  — —  — ■  — 07     ip 

'  After  the  fame  manner,  the  Beginning  of  the  Eclipfe  at  Genoa  will  be  06     27 
Vifible  Conjunction,  or  middle  of  the  Eclipfe  —  —  07     20 

The  Sun  will  there  fet  eclipfed,  and  the  Eclipfe  will  be  Total. 

And  the  Beginning  of  the  Eclipfe  at  Rome  is  —  — —  06     42 

The  vifible  Conjunction,  or  Middle,  will  there  be  when  the  Sun  is  fet,  and  confequently 
alfo  the  End. 

I  have,  as  you  fee  in  the  Figure,  alfo  drawn  a  fourth  Path  for  Edinburgh,  whofe  Latitude 
is  55  deg  56  min.  and  Longitude  about  3  deg.  to  the  Weft  fr^m  London.  Wherefore  tor  each 
Hour  in  the  Moon's  Way  for  London,  you  muft  account  1  2  min.  more  for  the  fame  Hour  at 
Edinburgh  ;  that  is,  for  example,  5  a-clock  on  the  Line  of  the  Moon's  Way  for  Edinburgh, 
muft  ftand  at  12  min.  paft  5  at  London.  t  Underftand  the  fame  for  other  Hours,  &c. 

And  by  proceeding  according  to  the  Directions  before  given,  you  will  find, 

At  Edinburgh,  H.    M.  Aftern. 

The  Beginning  of  the  Eclipfe  at  : ■       —05     22 

The  Middle  — ■  —  ■    ^^  „_ 

The  End  • — ' —  ■  —  07     14 

AW,  The  Path  of  the  Moon's  Way  ought  'to  be  continued  out  further  to  the  Left-hand, 
in  order  to  determine  the  Time  of  the  End  of  the  Eclipfe  at  Edinburgh. 

: 

If  you  have  a  mind  to  know  at  what  Time  any  poffible  dumber  of  D' gits  or  M'nutes 
fhall  be  eclipfed  at  any  Place  in  the  Sun's  antecedent  or  confequent  Limb ;  divide  the  Sun's 
D  ameter  into  Digits  or  Minutes,  and  cut  off  the  Parts  required  to  be  eclipfed  from  the 
Semi- diameter  of  the  Penumbra ;  then  take  the  remaining  part  of  it  between  your  Com- 
pafTes, and  carrying  it  along  the  Line  of  the  Moon's  Way,  find  the  firft  Point  in  it,  in  which 
placing  one  Foot,  the  other  will  cut  the  fame  Hour  in  the  Path  of  the  Place  that  the  fixed 
Foot  ftands  upon;  then  the  Hour  and  Minute  in  either  Path  upon  whicn  the  Feet  of  your 
CompafTes  ftand,  will  be  the  Time  of  that  Obfcuration. 

As,  for  example  ;  Suppofe  it  was  required  to  find  at  what  Time  6  Digits  or  4-  oT  the  Sun's 
Diameter  fhall  be  eclipfed  in  his  antecedent  Limb  at  London :  Cut  off  7  of  the  Sun's  Semi- 
diameter  from  the  Semi-diameter  of  the  Penumbra,  and  carrying  the  Remainder,  as  d  rected, 
you  will  find,  that  if  one  Point  of  your  CompafTes  be  fet  at  6  Hours  9  Minutes  in  tne  After- 
noon, on  the  Path  of  the  Moon's  Way,  the  other  Point  will  alfo  fall  upon  the  fame  Hour 
and  Minute  in  the  Path  of  London-,  and  therefore  the  Time  when  the  Sun's  antecedent  Limb 
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at  London  will  be  half  eclipfed,  will  be  at  9  Minutes  paft  6  ;  and  when  its  confequent  Limb 
will  be  half  eclipfed,  will  be  at  5  Minutes  paft  7. 

Ffo-. ..  Now  to  determine  the  Pofition  of  the  Cufps  of  the  Eclipfe,  for   example,  at  London  : 

Draw  a  Circle  A  D  B  E,  reprefenting  the  Sun's  Body,  and  the  right  Line  A  C  B,  repre- 
fenting  his  vertical  Diameter.  This  being  done,  lay  off  the  Angle  ©  b  a  upon  the  Sun's 
Limb  from  A  to  D,  draw  the  Diameter  E  C  D,  and  the  Point  D  will  be  the  firft  Point  of 
the  Sun's  Limb  obfcured  by  the  Moon  at  the  Beginning  of  the  Eclipfe. 

Fig.  3-  Again  j  To  determine  the  Pofition  and  Appearance  of  the  Eclipfe  at  the  Time  of  the 

middle,  or  greateft  Obfcuration,  take  the  Sun's  Semi-diameter  between  your  Compaffes,  and 
upon  the  Point  C,  defcribe  a  Circle;  then  draw  the  vertical  Diameter  A  CB,  and  make  the 
Angle  A  C  D  equal  to  the  Angle  v  c  p,  and  draw  the  Diameter  D  C  F.  This  being  done 
take  the  Moon's  Semi-diameter  between  your  Compaffes,  and  having  laid  off  from  the 
Center  C  to  E,  the  Diflance  c  e  in  the  firft  Figure ;  upon  the  Point  E,  as  a  Center,  de- 
fcribe an  Arc  cutting  the  Sun's  Limb,  and  the  Pofition  and  Appearance  of  the  Eclipfe  at 
the  Time  of  the  greateft  Obfcuration,  or  the  middle,  at  London,  will  be  as  you  fee  in  the 
Figure. 

Laftly,  To  determine  the  Pofition  of  the  End  of  the  Eclipfe,  draw  a  Circle  (as  in  the  $tb 
Figure)  and  crofs  it  with  the  vertical  Diameter  ACBj  then  make  the  Angle  ACE  equal 
to  the  Angle  ©  g  m,  and  draw  the  Diameter  E  D  ;  then  will  the  Point  E  on  the  Limb  of 
the  Sun,   be  that  which  is  laft  obfcured,  or  whereat  the  Eclipfe  ends. 

If  you  have  a  mind  to  find  the  Continuation  of  total  Darknefs  at  any  Place  where  the 
Sun  will  be  totally  eclipfed,  cut  oft  tne  Semi-diameter  of  the  Sun,  from  the  Semi-diameter 
of  the  Penumbra,  and  taking  the  Remainder  between  your  CompafTes,  carry  it  along  the 
Line  of  the  Moon's  Way,  and  find  the  firft  Point  in  it ;  on  which  placing  one  Foot  the 
other  will  cut  the  fame  Hour  in  the  Path  of  the  Place,  which  Hour  note  down.  Again ; 
Carrying  on  further  the  fame  Extent  of  your  Compaffes,  find  two  Points  on  the  Paths  of  the 
Vertex  and  Moon's  Way,  which  fhall  fhew  the  fame  Hour  and  Minute  on  them  both. 
This  Time  alfo  note  down ;  then  fubftract  the  Time  before  found  from  this  Time  and  the 
Difference  will  be  the  Time  of  Continuance  of  totaj  Darknefs. 
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